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PREFACE. 



The Author having been called upon for a Fifth 
Edition of these Hints relative to the forms of Ships 
and Boats, returns his best thanks to the Public for 
the gratifying compliment paid him. 

The whole has been carefully re-perused by him, and 
he has added some subsequent experiments to this New 
Edition, which he hopes will prove acceptable. 

WILLIAM BLAND. 

Hartlip, Sittingboukne, Kent, 
1868. 
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EXPERIMENTS 

ON 

THE FORM OF SHIPS AND BOATS. 



INTRODUCTION. 

Much difference of opinion having of late years pre- 
vailed respecting the true form of Ships and Boats, I 
have been induced to make a Series of Experiments 
with models of wood, for the purpose of ascertaining, by 
a careful notation of results, what may be considered as 
the governing laws ; and I flatter myself I have been 
successful, in some measure, in detecting a few of the 
leading principles which influence the speed, the sta- 
bility, and the safety of vessels impelled by the wind, 
the oar, and steam. 



CHAPTER I. 

This chapter contains the particulars of experiments 
undertaken to gain a knowledge of the laws of water 
with regard to the head resistance it makes against 
bodies floating upon its surface, and impelled forward 
by some force — as the wind, the oar, and steam. 

To this end, four pieces of deal were selected, of the 
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» 



same uniform density and thickness, and each 12 inches 
long, but varying in width : — 

No. 1 model, 2 inches wide and 12 inches long. 
No. 2 „ 4 „ 12 

No. 3 „ 6 „ 12 , 

No. 4 „ 8 „ 12 

These were, two at a time, attached by strings to the 
two ends of a balance-rod, of the length of 20 J inches ; 
a third string, acting the part of a fulcrum whilst sus- 
pending the rod, was so put on the rod as to admit of 
being readily slipped along it at the will of the experi- 
menter ; the other end being fastened to the small 
extremity of a long pole, for the purpose of reaching 




far, enough over a pond of water to tow the models 
upon the surface, clear of all obstacles. 

The two models selected for experiment were then 
drawn on the water, and whichever of them preponder- 
ated, by meeting with greater resistance than the others, 
had the suspending- string shifted along the balance-rod 
until both the floating bodies obtained an equilibrium 
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of resistance, when the measure of their respective 
resistances was denoted by the inverse length of the 
arm or lever to which they were fastened. The shorter 
arm was made, in each experiment, to balance correctly 
the longer arm, by means of a movable weight applied 
to the shorter arm. 

Experiment 1. 

Models. Width. Length. Weight. Difference. Weight. 

No. 1. 2 in. 12 in. 10 oz. ) - x . , « , 0 
No. 2. 4 in. 12 in. 10 oz. J ** mch of lever » 01 2 oz ' 

Experiment. 2. 

No. 2. 4 in. 12 in. 12| oz. 1 , , . , „ , 

No. 3. 6 in. 12 in. 12 | oz . } U "»ch of lever, or 2 oz. 

Experiment 3. 

No. 3. 6 in. 12 in. 19 OB. 1 , ... , 

No. 4. 8 in. 12 in. 19 oz. 1 mch of leTer > 01 2 oz - 

In these experiments the dimensions of the models 
were to each other as 1, 2, 3, and 4; and the head 
resistance, compared two at a time, and of equal weight, 
gave the same results ; consequently the law of the 
head resistance is, that it increases directly with the 
increase of the square surface opposed ; and therefore, 
in this instance of equal additions, assumes the arith- 
metic ratio. 



CHAPTER II. 

EXPERIMENTS MADE TO ASCERTAIN THE LAW OF THE RE- 
SISTANCE OF WATER AGAINST THE INCREASE OF WEIGHT. 

Experiment 4. 

For this purpose two model boats were selected of 
equal draught, and into one was put a 1 lb. weight ; 

b2 
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ON THE FORM OF SHIPS AND BOATS. 



and being drawn on the water by the same balancing- 
rod which was employed in the preceding chapter, and 
the difference of the resistance determined as before, 
the law revealed itself thus : — 

With 1 lb. weight, the short arm was 1 J inches long. 
„ 2 lbs. „ „ 6J 

„ 3 lbs. ,, „ 5| „ 

That is to say, the resistance increases directly with 
the weight. 



CHAPTER III. 

OF LATERAL RESISTANCE. 

A ship impelled through the water by wind acting 
on its sails depends for speed in no small degree upon 
the lateral resistance it makes, and the situation of the 
centre of that resistance. 

The following experiments were undertaken to ascer- 
tain the law, and how influenced. 

Experiment 5. 

First, around and near the midship section of a 
model ship was fastened, yet readily movable, one end 
of a line ; the other end left to be taken in hand, a 
sufficient quantity of line being allowed between to tow 
the vessel through the water towards the shore when 
placed at some distance from the same. 

And second, the model put on the water was re- 
peatedly drawn to the shore, and the point of fastening 
of the line as frequently shifted. The effects were 
these :— 

When the point of fastening was situated a trifle 
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towards the head, the line on being pulled drew the 
head forward ; and when fixed rather astern, then the 
stern was drawn forward ; thus proving there existed a 
point or centre of balance. By carefully moving the 
place of fastening, it was readily found, upon measure- 
ment, to be situated exactly in the mid-length of the 
keel and part of the projecting cutwater, the vessel 
floating upon a level keel. 

During the carrying out of the above investigations, 
it was observed that when the vessel was made by the 
line to progress forwards, as well as sideways, the 
centre of lateral resistance moved also forwards ; and 
this, of course, was in consequence of its bows meeting 
with greater resistance than when moved exactly side- 
ways. 

The reason is obvious : first, because the water at 
the bows became condensed, and thus made greater 
resistance; and, secondly, the water being driven up 
against the bows, higher than the surrounding fluid, 
produced its effect. 

The above-named resistance equalled, it was found, 
about one-twelfth of the length of the body immersed ; 
but which proportion must vary, however, with the 
speed. 

The centre of gravity in all these experiments seemed 
to have little or no influence with regard to the centre 
of lateral resistance, it being regulated by the perpen- 
dicular surface exposed to the water, and the centre 
of which was the centre of lateral resistance when the 
force of the water acted at right angles to that surface. 
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CHAPTER IV. 

OF STABILITY AND ITS LAWS. 

Experiments relative to the Law of Stability when the 

Width of Beam is increased. 

For this purpose four pieces of deal were chosen of 



the following dimensions : — 






No. Length. 


Width. 


Depth. 


Weight. 


1. loin. 


3 in. 


2 in. 


1 lb. 8 oz. 


2. 15 in. 


4| in. 


2 in. 


2 lbs. 3oz. 


3. 15 in. 


6 in. 


2 in. 


2 lbs. 13 oz. 


4. 15 in. 


H in. 


2 in. 


3 lbs. 7 oz. 



In order to ascertain the stability of each respec- 
tively, as they in turn floated upon the water, a small 
movable mast, 3 inches high, having a hole through 
the top, was fixed on the upper surface of each model, 
and in the centre of gravity of its length ; one end of 
a line was looped over a nail driven into the side of the 
wood, when the other end was first passed through the 
hole, then continued on over a pulley, and at the end a 
small bag was attached for the convenience of holding 
weights. Into the two extremities of the same piece 
of wood nails were driven lightly, and at the points 
where the centred of the wood cut the line of flotation. 
Over the heads of these nails a string of sufficient 
length was secured by two loops, the other ends of the 
strings being then made fast to nails driven into the 
side of the cistern of water, but in the direction oppo- 
site to the string going over the pulley, with the view 
of counteracting the force of the weights. 

a b the tank, and a the surface of the water. — c 
the model. — d the mast through which the line e g 
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h i passes, being first attached to the model by a nail 
at k. — f f nails driven into the sides of the cistern. — 




w the weight. — -m the stool which carries the pulley. 
— l a shore to steady and support the pulley. 

All being prepared, tho weights were put into the 
bag until the side of the piece of wood opposite the 
pulley heeled down into tho water to the depth of 
1 inch, previously marked out, and by this means the 
scale, as will be presently given, was obtained. 

Experiment 6. — The Scale and Tabic A. 



Depth or Floating 
No. Length. Width, thickness. depth. Stability. Ratio. 



1. 


15 in. 


3 


in. 


2 in. 


1 in. 


2 oz. 


1 


2. 


15 in. 


41 


in. 


2 in. 


1 in. 


7 oz. 


H 


3. 


15 in. 


6 


in. 


2 in. 


1 in. 


14 oz. 


7 


4. 


15 in. 


1 « 


in. 


2 in. 


1 in. 


22 oz. 


11 



The conclusions to be drawn from this scale are, that 
with the same length the ratio of stability is at its 
limit of rapid increase when the width is about one- 
third of the length ; or, as 5 : 15 (see No. 2). 

With respect to the centre of gravity of the four 
pieces of wood employed upon the occasion, it is right 
to state they were cut from the same plank of timber, 
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which had been selected on account of its apparent 
uniform density. And the models, when put on the 
water, all sunk down to the middle of their thickness, 
or just one inch out of the two ; consequently, their 
centres of gravity were exactly level with the surface 
of the water. 

Experiments to ascertain the Laic of Stability as regards 
the Increase of Length, the Width, and Thickness of the 
Floating Bodies being constant. 

For this purpose, six pieces of wood (deal) were ■ 
employed, and of the following dimensions and 
weights : — 

Experiment 7. — The Scale and Table B 



No. 


Width. 


Length. 


Weight. 


Stability. 


Ratio 


1. 


3 in. 


3 in. 


If oz. 


1 oz. 


1 


2. 


3 in. 


6 in. 


2| oz. 


f oz. 


3 


3. 


3 in. 


9 in. 


4 nearly 
5J oz. 


Iff oz. 




1. 


3 in. 


12 in. 


If oz. 


H 


5. 


3 in. 


lo in. 


7 oz. 


1| oz. 




C. 


3 in. 


18 in. 


8f oz. 


1J oz. 


7 



Here the scale of increase is as 1 : 3 when the length 
is doubled ; but after this it takes the arithmetic ratio. 
In fact, when the length is doubled the stability is 
doubled likewise ; proved by a subsequent experiment. 

Further Experiments to determine hoxo the Law of Sta- 
bility operates when the Length and Width of Floating 
Bodies are constant, the Thickness alone being varied. 

■ 

The following were the dimensions of the models of 
deal selected : — 
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Experiment 8. — The Scale and Table C. 

No. Width. Length. Thickness. Weight. Stability. Ratio. 
L 3 in. 9 in. | in. 4 oz. \\ oz. 2| 



2. 


3 in. 


9 in. 


Uin. 


8 oz. 


If oz. 


H 


3. 


3 in. 


9 in. 


If in. 


12 oz. 


1J oz. 


3 


4. 


3 in. 


9 in. 


2* in. 


16 oz. 


1 oz. 


2 


5. 


3 in. 


9 in. 


3 in. 


20 oz. 


5 oz. 





In this Table it is seen that when the thickness is in 
the proportion of 5 : 12f of the width (as in No. 2), or 
the depth of flotation, being here half the thickness, 
one-fifth, say, of the beam, and the centre of gravity 
at the water level, the stability is at its greatest. 

And further, that 4 oz. in weight placed low (as in 
No. 1 of this Table), more than counterbalance 16 oz. 
(as in No. 4) when situated high. 

Mid-sections, c, the centre of gravity and lino of flotation. 

No. 5. 




No. 1. No. 2. No. 3. No. 4. 

Scale, J inch to 1 inch. 



If these three Tables be admitted as correct, it esta- 
blishes the rule, that the line of flotation, with regard 
to depth, and as it affects stability, should be one-fifth 
of the breadth of the beam, when the body partakes of 
the parallelopiped form ; the centre of gravity being 

* Or next to nothing, being a cube. 

f The half of 5 quarters, the depth of flotation is 2J quarters, or 
5 eights in 24 eights, is nearly £ of the beam. 

b3 
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preserved at or just within the level of the surface ot 
the water of the floating body. 

Let it be here repeated, relative to all the above ex- 
periments, that each piece of deal sunk in the water to 
half its depth or thickness : therefore, their respective 
centres of gravity were always on a level with the sur- 
face of the water. 

STABILITY OF SHIPS. 



0 



A 

F 






a 


7) 






c 







Models of Deals. Scale, \ inch to an inch. 

Let a b c d be a circle, and the point e the centre. 
Again, let A b c d be a square, and the point e the 
centre. 

Now let the circle be the section of a cylinder, the 
point e will be the centre of gravity along the axis. 

And let the square be the section of a solid parallelo- 
piped, the point e will be the centre of gravity along 
the axis. 

It is well known that both these bodies, when put on 
water, will roll any way or on any side ; in fact, possess 
no stability. But cut off a slice, f g, from each, and 
they become tumblers ; and the part from which the 
slice has been taken will always float uppermost. 

The cause is in consequence of the centre of the 
centre of gravity of the two bodies having descended 
proportionally below the original centre of gravity e, 
it being the law of the centre of gravity to descend to 
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the lowest possible situation when placed in or upon 
water, or when suspended in the air. 

All ships and boats are under this influence, or they 
would not float with their deck uppermost. In fact, 
they, if properly stowed, are tumblers, and the larger 
the slice taken off, the greater will be their stability or 
power of righting, because the distance from the 
centre point e increases with the descent of the centre 
of gravity. 

Again, the diamond form section a b c d is in- 
fluenced precisely the same 
as the two preceding forms, 
since by cutting off the part 
p o from the solid paral- 
lelopiped, it will float with 
the part f g uppermost. 

For navigation purposes 
no real seaman would ever 
select such a midship sec- 
tion for his craft.* 

Again, fluids that are non-elastic press equally in all 
directions. Such being the case, ships and boats of 
every description are under this influence, and the 
measure of their stability or power of righting, or their 
tendency to overturn, may be exhibited and calculated 
on the principle of the lever. 

Diagram No. 1. 

Let a b c d be the midship section of a ship, and 
in the form of a right-angled parallelogram, and there- 
fore the opposite sides are equal. 

* Many midship sections have more or less a square bottom, and 
very many others approximate towards the same, when the difference 
can be allowed in the calculation. 
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Bisect a b in k, and draw k h perpendicular to a b, 
cutting d c in h ; d c is bisected at h, therefore d h 
equals a K. Bisect a d in e, and from the point 

Scale, i inch to an inch. 







3" 
M 

0 

li 




P 

4 


w 

c 






L 







E draw e f parallel to a b, cutting and bisecting k H 
at g, and let the line e g f be the sea level. 

It has been stated above of water pressing equally in 
all directions ; but in the present instance let its force 
be resolved into two directions only, and the line e d, 
or its equal g h, be the horizontal and overturning 
force, and the line d h, or its equal e g, the righting, 
or perpendicular, or upward force, and considered as 
levers. 

Let the point g be the centre of gravity of this ship 
and the point m to bisect d h. Now the lever g h : lever 
G e : : 1 : 2, because by construction g h equals h m, 
equals half h d. 

In the second instance, bisect g h in l, and from the 
point l draw L o parallel to g e ; l o equals g e. Let 
l be the centre of gravity, then l h will represent the 
overturning lever, and l o the righting lever, and thoy 
are to each other, that is, l h : l o : : 1 : 4, because 
l h is half g h, therefore only a quarter part of g e. 

Thirdly. Bisect k g in p, and through the point p 
draw p n parallel to g e, and let p be considered the 
place of the centre of gravity. Then p h : p n, which 
equals g e : : 3 : 4. 
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Fourthly. Let the centre of gravity be at k, by the 
weight of upper deck, masts, &c, and the two levers 
will be k h and k a. r h and k a are equal to each 
other, and by construction k a equals g e ; therefore 
k h : k a : : 1 : 1 ; and in consequence of this equality 
between the overturning and righting forces, a ship, if 
it were possible to float one in such a state of balance, 
would, with the least wind or movement of the sea, 
immediately overturn and founder. 

With regard to the displacement. 

This has been considered the same throughout the 
four variations of the centre of gravity, the part im- 
mersed being efcd below the level of the sea. 

In the first instance, the point g was the centre of 
gravity of the ship, and as the point l can be shown to 
be equidistant from the points e d c f, it is, therefore, 
the centre of gravity of the displacement. Thus then 
g, the centre of gravity of the ship, is a quarter part of 
k h above the centre of displacement l. 

In the second instance the centre of gravity is con- 
sidered as situated at l ; therefore the two centres of 
gravity and displacement exactly coincide. 

In the third instance the centre of gravity is at the 
point p ; it is, therefore, half of K h above the centre of 
displacement. 

And, fourthly, allowing the centre of gravity to be 
at k, the centre of displacement will be three-quarters 
of k H below that of gravity. 

Diagram No. 2. 

Let, as before, a b c d be the midship section of a 
ship. 

From the centre k and distance k a describe the 
semicircle a h b, and from the point g draw the straight 
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lines G a and g d, g d cutting the circle A H B ill l. 
The straight line e g f, as in diagram No. 1, is parallel 



Scale, \ inch to an inch. 




Ioakb, and represents the sea level, and g the centre 
of gravity which coincides with it. 

Now g d and g a are equal to each other, being 
diameters of two equal parallelograms ; and let them 
be considered as two levers, g l is part of g d, there- 
fore less than the whole g d by l d ; then the righting 
power of g l of the circular bottomed ship is less than 
the righting power of the flat-bottomed ship, and in 
the proportion of g l : g d. But when the circular- 
bottomed ship heels from the force of the wind, its sta- 
bility or righting power increases with the inclination 
until g l equals g a, when inclined down to the sea 
level e g f. 

With the flat-bottomed ship under similar heeling 
circumstances, the lever g d is constant, being without 
variation, and therefore always equals g a. 



CHAPTER V. 

The whole body of a ship comes next into considera- 
tion ; and with the view of investigating the same in 
a perfect and lucid manner, it will be advisable to divide 
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the subject into three parts — as "the Bows," "the 
Stern," and " the Middle." 



OF THE FORM OF THE BOWS. 

The experiments which were put into practice for 
ascertaining the law relative to the difference of form 
when exposed to the action of water are arranged 
severally as follows ; and the diagram beneath ex- 
hibits the mode by which the testing of the speed was 
applied. 

The balance-rod. Scale, xV of an inch to an inch. 



Length, 3 ft. 



10 in., or 46-eighths. 



A 



A 



Experiment 9. 

First. The form of the model selected was that of 
an isosceles triangle, having the perpendicular distance 

Weight, 12 oz. ; thickness, 1 J inch. 



A 



9 ins 



.8 
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of the base from the apex three times the width of the 
base. 

Experiment 10. 

Second. This form was an isosceles spherical tri- 
angle, of the same perpendicular length and width at 
the base as the preceding, but having the two sides 
uniting the base with the apex convex ; the curve sub- 
tending at the middle of the length one quarter of an 
inch beyond the straight lines uniting these two points. 



Weight and thickness as A. 





9 ins 


> 






* M 

CO 



Experiment 11. 

Third. The form of an isosceles triangle, with its 
two sides waved ; and the dimensions in other respects 
the same as models A and B. 



Weight and thickness as B. 



0 






SH* in 




CO 



These three models of deal, A, B, C, of the same pre- 
cise weight, depth, width, and length, were tested on 
the water against each other, by the balance-rod, and 
the following results were obtained : — 
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Model B had the greatest speed. 
Model A the next, 
Model C the least. 

But the difference between them was trifling. 

Experiment 12. 
The model A was then tried against the fourth model, 

13 k 

\ i V 

D, of the same form of bows, dimensions, and weight, 
but having its lower isosceles sides bevelled off. 

The difference of speed between these two was not 
perceptible. 

Experiment 13. 

The next test of bows was with those of less sharp- 
ness, and compared first with the sharp modelled bow 
A, and then with others of less acute angles. 



Weight, 14 J oz. ; thickness, 1J inch. 



„_ — 6 in 






CO 



The isosceles triangle form of bows, E, had its per- 
pendicular distance from the base 6 inches, yet 
having the width, depth, and weight precisely the 
same as A. 

The conclusion arrived at was, that the speed of 
A : E : : 6^ : 5. 
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Experiment 14. 

The speed of E was then tested with the speed of the 
model F, having tfs base and sides equilateral. 





Weight and thickness as E. 








,3 13 'A 







The result gave the speed in favour of E : F : : 3 : 2. 



Experiment 15. 

The model F was tried against G, a model having 
its bows a spherical equilateral triangle. 



The weight of model Q- the same as F ; the speed in 
favour of F was, F : Gr : : 6 : 5 J. 

Experiment 16. 

The last test was between the equilateral triangle 
bows F, and the bows H, of the same dimensions and 
1 similitude ; but having its isosceles sides bevelled off, 
the angle at the cut- water being 45°. 

The speed of II was to that of F : : 5 : 4. 

The bevelled bows at H threw the water off admi- 
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rably, or rather the model may be said to ride over it ; 
it was always dry during the experiment ; whereas F 

Weight and thickness as F 

H 




shipped water continually over the bows with the least 
extra speed. 

The conclusions obtained by the experiments in this 
chapter are, that the more sharp the forms of the bows 
the less is the resistance from water ; and when a 
gentle curve is given to the bows, the speed is rather 
improved. Again, by the bevelling of short bows, the 
speed becomes greatly improved ; but this is not so 
apparent in the long and sharp bows. The bevelled 
short bows rode over the water, as it were, or at least 
were in a degree lifted by it, and therefore did not throw 
the water up like the perpendicular-sided bows. 

These models are of solid deal, and have equal sur- 
face bearing upon the water, being in average length 
20 inches, having their width 4 inches, and depth 
2 inches. 

The diagrams are drawn on the scale of an eighth of 
an inch to an inch. 

The models were all made of the same weight before 
being tested by the balance-rod, which was done two 
at a time. 

Their difference of speed was estimated by the length 
of each arm of the balance, measured from the centre 
of suspension to the end to which a model was fastened, 
and in the same manner as shown by 1 and 2 in the 
diagram of the balance rod at page 2. 
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Scale, $ of an inch to an inch. 
"With square bows. 



Angle of bows 90 degrees. 



Angle of bows 54 degrees. 




Angle of bows 38 degrees. 



Angle of bows 30 degiees. 



Angle of bows 23 degrees. 



me. 



The balance rod in these trials was 36 inches in 
length ; therefore, the half part is 18 inches. 
The following Table, A, is the result : — 

Model Model 

No. 1. Arm shortened 3 inches when tested with No. 2. 
No. 1*. „ 5 J ,, ,, No. 3. 

No. 1. ,, 7| ,, ,, No. 4. 

No. 1. ,, 9 ,, No. 5. 

No. 1. „ 10 „ „ No. 6. . 
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Now 18 in. 


— 3 in. 




15 in., 


and 18 in. + 3 in. 




21 in. 


18 in. 


— - 5J in. 
- H in. 




12i in., 
10J in.. 


,, 18 in. + 5 1 in. 
,, 18 in. + 7£ in. 




23| in. 


18 in. 






25| in. 


18 in. 


— 9 in. 




9 in., 


,, 18 in. -j- 9 in. 




27 in. 


18 in. 


— 10 in. 




8 in., 


18 in. -f 10 in. 




28 in. 



From these sums a Table, B, is constructed to show 
the rate of speed above No. 1 model of each of the 
other models. 



With No. 


0 

**> 


arm in 


inches 15 : 


to arm in inches 21 : 


: 1 


• 1 A 


> 


3, 


99 


12£ : 


>> 


23f : 


: 1 


: 2 




4, 


>! 


10i: 


»» 


2o^ . , 


1 


• 01 


»> 


5, 


if 


9 : 


>> 


27 : 


1 


: 3 


>♦ 


6, 


>> 


8 : 


>» 


28 : : 


1 


:3i 



Yielding a nearly correct arithmetic ratio, in which 
it is seen that the speed of No. 3 model is twice that of 
No. 1, and the speed of No. 5 model threo times that of 
No. 1. 

After these experiments, the same models, except 
No. 1, had their bows cut under, as exhibited in the 
annexed diagrams, and which are drawn for better 
clearness to the scale of J of an inch to an inch. 

These models being drawn upon the water, attached 
as before to the arms of the balance rod, gave the return 
of their respective speeds according to this Table, C. 

The arms of No. 1, tested with No. 2, was shortened 4 J inches. 
,, ,, ,, No. 3. ,, 6 

>> >) >> No. 4. ,, 7 

>» »> 5> No. 5. ,, 7f 

,, ,, ,, No. 6. ,, 8j ,, 

A comparison can now be drawn from the results of 
the two tables, A and C, one with the bows not cut 
under, and the other with the bows cut under. 
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Scale, J of an inch to an inch. 

Not cut under. 




Cut under. 



Table D. 

Table A, arm shortened. Table C, arm shortened. 

No. 1. . . 3 in. No. 2. . . . 4£ in. 

No. L . . 5J in. No. 3. ... 6 in. 

No. 1. . . n\ in. No. 4. ... 7 in. 

No. 1. . . 9 in. No. 5. . . . 7f in. 

No. 1. . . 10 in. No. 6. ... 8} in. 




Difference. 
1| plus. 

4 >> 

J minus. 

1* M 
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The difference shown from the comparison of the 
Tables A and C is that the cutting under of the bows 
is a decided benefit towards the improvement of speed 
when applied to a full form of bows ; but adopted in the 
construction of vessels with sharp bows, the same prac- 
tice becomes injurious, and in proportion to its sharp- 
ness or pointedness ; or therefore the chisel-pointed 
bows is to be preferred when speed is the object. 



CHAPTER VI. 

EXPERIMENTS RELATING TO THE STERN. 

Experiment 17. 

First, with the sides parallel and tapered. Two 
models having the same form of bow, an isosceles 
triangle of 3 inches perpendicular distance from tho 





! 




C CO 



No. 1. —Weight, 10 oz. ; thickness, lj inch. 




No. 2.— Weight, 10 oz. ; thickness, 1J inch. 



base, and 3 inches wide ; with the bodies attached 
6 inches long ; one of them with parallel sides, the 
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other tapered, as shown in the diagram ; scale, J inch 
to 1 inch. 

Upon being tested against each other, there appeared 
a slight degree of speed in favour of the parallel-sided 
model (No. 1), and decidedly greater stability than was 
possessed by the tapering-sided model (No. 2). 

Experiment 18. 

A third model (No. 3) of the same bows, length, 
width, and weight, was tested against No. 1 ; but 
having its sides bevelled towards and at the stern. 




No. 3.— Weight, 10 oz. ; thickness, 1 J inch. 



The result of the trials was that the speeds of No. 1 
and No. 3 were equal ; but No. 3 was inferior in stability, 
and sank deeper into the water than No. 1, and was less 
steady in its course. 

Experiment 19. 

Two models having the same form of bows as the 
preceding (Nos. 1 and 2), but with the bodies 12 inches 
long ; one of them with the sides parallel, the other 
tapered, as exhibited in the diagrams marked Nos. 4 
and 5. 

When the models (Nos. 4 and 5) were tested together, 
the speed of No. 5, having tapered sides, was consider- 
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ably inferior to the one with parallel sides ; the propor- 
tion in speed of the parallel sides to that of the tapered 





, Id 171 


No 


.8 

Pi 


. 4. — Weight, 17 oz. ; thickness, 1J inch. 

<v§ ^ - v/ 


No 




. 5. — Weight, 17 oe. ; thickness, 1J inch. 



sides : : 3 : 2 ; and as respects stability, the paraUel- 
sided model had very greatly the advantage. 



"Experiment 20. 

Again, experiment made between two models of the 
same form of bows, &c, as those just tested, but with 
the bodies of each lengthened to 18 inches ; one having 
the sides parallel, the other tapered ; indeed, both after 
the forms of No. 4 and 5, but longer by 6 inches. The 
weight of each equalled 1 lb. 7 oz. ; thickness, 1£ inches. 

The speed, in this instance, between these models 
was not so dissimilar as in the trial with the two 
former models (Nos. 4 and 5) ; but still the tapering 
proved injurious, and in the proportion of 5 : 4. 

In the experiments here given, they prove most 
decidedly that tapering the whole length of the body 
of a ship is very detrimental to speed. 

The experiments next undertaken relate to the taper- 

c 
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ing of the under part or bottoms of ships towards and 
at the stern. 

Experiment 21. 
Two models of the same form of bows, and having 





their respective lengths, breadths, thickness, and weight, 
equal ; but one of them cut inclined up at an angle of 
14°, commencing at one-third of the length from the 
stern ; the other also cut inclined up, but at an angle 
of 7°, and commencing at the mid-lengths, as in the 
diagrams A and B, which when tested together, A beat 
B in speed by a trifle. 

Experiment 22. 

Again, a third model marked C, of the same dimen- 
sions and weight as A, but the bottom not cut inclined 




Weight, 16 oz. 

up ; upon being tested with A, A had the greater speed 
of the two. 

The model C was then tested with a model, E, which 
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differed from C by having its sides towards and at the 
stern inclined by a gentle curvature, commencing from 
near the midship. The balance-rod gave the speed 
greatly in favour of the curved sides ; for the model 
E required the additional weight of 2 oz. to be put 
into it to reduce its speed to an equality with the 
model C. The weight of each model equalled 16 oz., 
therefore the speed of E was superior to the speed of 
C by one-eighth of the weight. 

Experiment 23. 

Two models having the same form of bows, likewise 
the same breadth, length, depth, and weight ; but one 
of them with parallel sides and bottom as the model C ; 
the other with the sides tapered curvilinearly towards 
and at the stern, and the bottom cut up inclined, and 
commencing in both instances at one-third or 6 inches 
from the stern ; the length of each model 18 inches, 
and their respective weights 17 oz. 

The difference of speed between these two models 
was great, and on the side of the curvilinear- formed 
stern, and nearly in the proportion of 3 : 2. 

Experiment 24. 

When the parallel- sided model (the one employed in 
the last experiment) had its sides made also curvilinear, 
but not the bottom, its speed, upon again testing the 
two last models together, was found to be improved 
very materially. 

These latter experiments were tried against each 
other by weights, as well as by the difference of the 
length of lever, and the results were, that the model 
with curvilinear sides and inclined-up bottom, beat in 
its speed the model with parallel sides and bottom, and 

c2 
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required the additional weight of 8 oz. to be put into 
the former to reduce its speed to an equality with the 
latter. 

Experiment 25. 

Upon shaping the parallel sides only to the curvi- 
linear form of the swifter model, the speed of it was so 
far increased in consequence, that 3 oz. extra weight 
were then sufficient to equalise the speed of both. 

Experiment 26. 

The curvilinear sides of the original parallel-sided 
model were next reduced to straight lines, the convexity 
of each being removed ; and when tested with the swift 
model, it was found to be considerably injured in its 
speed, having lost, by the alteration of the curves to 
straight lines, to the amount of 1^ oz. in weight; 
because the now straight-line tapered stern required 
the additional weight of oz. to be put into the 
swifter model, to equalise their speed, instead of 3 oz. 
when the sides were curvilinear. 

The curve employed in the foregoing experiments 
was the segment of a circle, which subtended at the 
centre of the length of the straight line in the propor- 
tion of J of an inch in 6 inches. The angle of the 
capering, measured by straight lines, was 10°. 

Experiment 27. 

Having altered the curvature of the sides in another 
model, and from the subtension of \ inch to ^ inch in 
6 inches of the length, the speed upon trial was proved 
to be deteriorated to the amount, in weight, of 1 oz. out 
of 2 oz., the previous speed, or injured by one-half. 
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Indeed, after many experiments made with the view of 
thoroughly testing the principle of tapering the sides 
and bottoms of models towards and at the stern, the 
results gave equal benefit; meaning, that when the 
sides were tapering the improvement in the speed 
which followed was, when estimated by weight, equal 
to 4 oz. And the tapering of the bottom towards and 
at the stern produced improvement in the speed like- 
wise equal to 4 oz. ; or 8 oz. altogether, in superiority 
over the model having its sides and bottom continued 
parallel and level. 



CHAPTER VII. 

EXPERIMENTS RELATING TO THE MIDDLE. 

The segment of a circle which subtends £ in the centre 
of a base line of 6 inches having proved beneficial 
towards the promotion of speed when applied to the 
bows, as given in Experiment 10, and at the stern in 
Experiment 24, induced a further trial of the same 
curve in the experiments annexed. 

Experiments. 

The two models (Nos. 1 and 2) of the same bows, 
length, and weight, but differing in their sides, one 
being parallel, the other convexed ; the rise at mid- 
length being \ an inch to the whole length of side 
of 12 inches, according to the proportions before 
adopted. 

Upon being tried against each other at the ends of 
the balance-rod, it appeared that the speeds were equal. 
This makes a third instance of the good qualities of 



Digitized by 



30 ON THE FORM OF SHIPS AND BOATS. 

the curve in the promotion of speed over the straight 
line. 

In this experiment is seen greater breadth of beam, 



Nol. 


^-^"^"^ 6 in 


3 12 in .a 




CO « 

J JL 


^- — ^6in. 




a 12 i in. i 




eo n 
J * 



Scale, £ inch to 1 inch. 



equal, indeed, to one-fourth ; yet, by the adoption of 
the curve in question, equal speed is obtained, owing 
in part to the same weight floating shallower than the 
other. 

Experiment 29. 

Segments of circles of different diameters were 
further applied and tested against two parallel-sided 
models ; one of the same breadth of beam, the other of 
less beam by one-fourth part ; all three, however, of 
the same weight, 23 ounces. 





•5 


Id in 




eo 




$ J 6 in 







Scale, i inch to 1 inch ; thickness, 2 inches. 



The first trial took place between the models A and 
0. The result gave the speed of C to be greater than 
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A in the proportion of 5 : 4 ; or taken in weight, equal 
to 8 oz. ; because the model C required to be loaded 




Modelled from the horizontal section of the sole fish. 

with that weight extra, to retard its speed to an equality 
with the speed of A. 

Experiment 30. 

The second trial was between the models A and B. 
In this instance the speed of A beat that of B, by the 
extra weight of 4 oz., because of the less head resistance 
of A. 

Experiment 31. 

In the third trial the speed of the model C beat that 
of the model B, by 12 oz. extra weight. 

Experiment 32. 

The model C was drawn through the water, having 
its stern or sharper end foremost ; and in consequence 
of so doing the speed was reduced. Moreover, by the 
sharper end going foremost, the steadiness of its course 
was in a great measure destroyed, the model requiring 
a piece of keel to be attached at the aft end to cause 
the body to preserve a straight course, and which was 
not found necessary when the bluffer end or bows met 
the water when floating upon an even keel. 

The inference to be drawn from the last four experi- 
ments is in every respect in favour of the bird or duck- 
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shaped model C ; at the same time pointing out the 
wisdom of preferring the bluffer or larger end to go 
foremost, rather than the sharper end. 



CHAPTER VIII. 

The subjoined experiments were undertaken to ascer- 
tain the effects of the curving up of vessels from the 
midship section, both to the head and stern. To this 
end, three models were made of the precise form and 



WalerVLine 



* 16 in. 

Side view of model C. — Weight, 22 oz. 



Walter Line 



5 



The model with the bows from 1 to 2 cut inclined upc 



Water 


Line \ 







The model with the stern from 2 to 3 cut inclined up. 



I Water 


Line 




1 ' 



The model with both the bows and stern cut inclined up. 

size of C in the preceding chapter, with the exception 
of their being varied from it as delineated below ; scale, 
\ inch to 1 inch. 

The inclination upwards, or curves at both the bows 
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and stern, of these diagrams, are sections of two circles 
having their centres in the same straight line (num- 
bered 2, 4) at the midship section of the diagrams, when 
produced indefinitely in the direction of 2, 4 ; and their 
circumferences passing through the points 1 and 2, 
2 and 3. 

Experiment 33. 

The models C and D being first made of equal weight, 
were tested as to their speed ; and it was found that the 
model D with its bows cut inclined up, beat C with the 
level bottom by 8 oz. additional weight. 

Experiment 34. 

Next, the model C was tested with E, having its 
stern cut inclined up ; when C was again beaten in its 
speed, the model carrying with equal speed 6 oz. extra 
weight. 

Experiment 35. 

After this, the two models D and E were tried against 
each other, and the advantage of speed was, in weight, 
2 oz. on the side of the model D. 

Experiment 36. 

The models C and F were put upon the water toge- 
ther, the latter having both its bows and stern cut 
inclined up. The difference in their speed was alto- 
gether in favour of F ; indeed, equal to 12 oz. more, for 
this extra weight was not sufficient, when put into F, 
to equalise the speed of the two models ; but the great 
weight F already carried was quite load enough, with- 
out sinking too deep into the water. 

The conclusion to be here drawn is, the positive good 

c 3 
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effects from the cutting or curving up of both the head 
and stern of vessels, when commenced from the mid- 
ship section, and extending as far at least, each way, 
as the load water-line. 

The next experiments were taken to ascertain the 
effects, as regards speed, of curving up the bottoms of 
vessels from the midship or mid-length, to both head 
and stern as high as the load water-line ; or commenc- 
ing the same at one-third or one-fourth of the length 
of each, and leaving the middle one-third or one- 
fourth of each quite straight or uncurved. 



NO I 




Experiment 37. 

A model 14 inches long, 4 inches wide, and 2\ inches 
in thickness, weight 30 oz. ; curved from middle length 
to head and stern as No. 1. 

2 

J 




Experiment 38. 

The model No. 2, of the precise length, breadth, 
depth, and weight as No. 1, but having the bottom, a b, 
one-third of the length, quite level or straight. 



Experiment 39. 
The model No. 3, of the same dimensions, &c. as the 
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preceding, but with the bottom, a b, left flat half of 
the length. 

Result. 

No. 1 beat in speed No. 2 by 1 \ oz. extra weight ; 
No. 2 beat in speed No. 3 by 2 oz. extra weight ; there- 
fore No. 1 beat in speed No. 3 by 3£ oz. extra weight. 

Experiment 40. 

This experiment was undertaken to ascertain what 
might be the advantage, as regards stability, by con- 
structing a ship with projecting sides, instead of carry- 
ing them up perpendicularly. 

Two models were made, each 15 inches long, 2\ 
inches deep, with flat bottoms; but one of them 4 
inches wide with perpendicular sides, the other being in 
width at the bottom at midships 3J inches, and across 
the top 4| inches, and making an angle from the per- 
pendicular of 11 

Sections of the models taken at the midships. 
Scale, i inch to 1 inch. Weight of each, 40 oz. 

These models were first tested upon the water, each 
in solid wood, when the stability of each equalled 3 oz. 
But when a part of the upper insides of both the models 
was hollowed out, which reduced their respective 
weights to 33 oz., the stability of No. 1 equalled 3£ 
oz., and that of No. 2, 3 oz. only. 

Let it be observed that before either of the models 
was lightened, No. 1 sank in the water 1| inch, and 
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No. 2, If inch. After being lightened, No. 1 sank in 
the water 1| inch, and No. 2, 1£ inch. 

The result of lightening the weight of each model 
from the upper part was the lowering of their centres 
of gravity, which at once became apparent in No. 1, by 
its increased stability. But the same result did not 
follow in No. 2, because of the diminished width of the 
lower line of its flotation. This proves, most clearly, 
that the mere lowering of the centre of gravity acts with 
far less effect, with respect to the increase of stability, 
than the widening of the beam, or preserving the same 
as in No. 1. 



CHAPTER IX. 

OF THE MIDDLE LENGTH OF A SHIP. 

The following experiments were undertaken to ascer- 
tain the properties of the middle length, or centre body 
of a ship. 

Three models having parallel sides, flat bottoms, the 
same form of bows, and all the same breadth of beam 



Scale, i inch to 1 inch. "Weight of each 20 oz. 




(namely, 3 J inches) ; yet varying in their lengths as 
follows, but all of equal weight : length of A, 9 inches ; 
B, 13£ inches ; C, 18 inches. 
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This difference in their respective lengths was made 
for the purpose of ascertaining the effects of increased 
length, with regard to speed, and the power of carrying 
weight. 

Experiment 41. 

The model A was tested by the balance-rod with B, 
and which beat in speed A, so as to require the weight 
of 8 oz. to be put into B, to retard its speed to that 
of A. 

Experiment 42* 

B being tested with C, C required the weight of 8 oz. 
to be put into it, to cause the speed to equal B, being 
the same difference as in the first experiment ; and 
therefore the &peed of C will equal the speed of A, and 
carry at the same time 16 oz. additional weight. 

The same law exists in models of a different form, 
and is instanced in the following experiments. Three 
models were tested against each other to discover the 
difference in their speed, having level bottoms, of the 
same weight and breadth of beam, but varying in their 
lengths ; scale, \ inch to 1 inch. 




No. 1. —Weight, 22J oz. ; thickness, 2 inches. 









— 1 

c . ^ 



No. 2. — Weight, 22J oz. ; thickness, 2 inches. 

Experiment 43. 
No. 1 was so far inferior in speed to No. 2, thai, an 
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extra weight of 12 oz. was put into No. 2 before its 
speed was retarded to the same rate of speed as No. 1. 



20 




C 






0 



No. 3.— -Weight, 22J oz. ; thickness, 2 inches. 



Experiment 44. 

Now No. 3 beat in speed No. 2, so as to require 12 
oz. to be placed in No. 3 to bring their speed to an 
equality. 

The inference to be drawn from the foregoing experi- 
ments is, that additional length gives increase of speed ; 
or will carry the weight through the water with pro- 
portional less resistance. The stability, likewise, in- 
creases with equal ratio, as given in Experiment 7. 
The cause of this less resistance must arise, in the first 
instance, from the same dimensions of bows and breadth 
of beam clearing the way for the increased length of the 
after-part ; and in the second, in consequence of the 
increased length, which is followed by increased surface- 
bearing ; therefore the whole weight displaces less depth 
of water ; hence arises less resistance when the length 
alone is concerned. With respect to the increase of 
the breadth of beam improving speed, the cause pro- 
ceeds from the curves and the enlarged surface-bearing 
combined ; otherwise, the result of the experiments 
(Nos. 1 and 2, &c.) would have decided to the con- 
trary. 
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CHAPTER X. 

■ 

FORM OF THE MIDSHIP SECTION. 

This chapter relates to the form of the midship section, 
— its importance as to a ship's speed, and to determine 
which the experiments, as detailed in the subsequent 
pages, were resorted to. 

Four models, all of the length of 14 inches, and 4 
inches wide, having their sides parallel and bottoms 
level, of equal weight, namely 30f oz., but the midship 
section of each varying as represented in the diagrams, 
were tested one with the other ; first, to ascertain their 
speed; next, their stability ; third, their leeway; lastly, 
their burthen or floating depth. 





Midship sections ; scale, £ inch to 1 inch. The dotted line is the 

lloat-line. 

The comparative velocities, as denoted by the balance- 
rod, were as follows : — 

Experiment 45. 

No. 1 beat in speed No. 2 by 2 oz., that extra weight 
being required in No. 1 to retard its speed till it equalled 
that of No. 2. 

Experiment 46. 
The speed of Nos. 2 and 3 proved equal. 

Experiment 47. 

The speed of No. 4 was the worst of them all, since 
it required 4 oz. extra weight to be put into No. 1, with 
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which it was tested, before its speed equalled that of 
No. 4. 

The inference to be drawn from the experiments is, 
that the curve gives greater speed than straight lines 
with angles. When the bottom of No. 4 had its angles 
cut off so as to form an ellipse, its speed was in conse- 
quence so far improved that 2 oz. in No, 1 were suffi- 
cient ; or the velocity of No. 4 became equal to Nos. 2 
and 3. 

Of the stability and floating depth of the above four 
models, — 

No. 2. Stability equalled 3 J oz. Floating depth 1 inch. 
No. 4. Stability equalled 3 oz. Floating depth 1 J inch. 
No. 1. Stability equalled 2 J oz. Floating depth If inch. 
No. 3. Stability equalled If oz. Floating depth 2 inches. 
No. 4. (Ellipse) equalled 3 oz. Floating depth 1| inch. 

Here wo have No. 2 possessing the greatest stability, 
and No. 3 the least, both being of the same speed. 
And again, No. 2 draws but 1 inch of water, whereas 
No. 3 draws 2 inches, or double, though of equal 
weight. 



CHAPTER XI. 

OF THE LEE-WAY, OR LATERAL RESISTANCE. 

This property in a ship depends (see Experiment 5) 
directly upon the perpendicular depth at which it floats, 
and the length. The following is a course of experi- 
ments relative to the lateral resistance of different mid- 
ship sections or forms, and having reference to the 
depths of keels. 

The midship forms selected for the experiment were 



Digitized by Google 



LEE- WAY, OR LATERAL RESISTANCE. 41 

those which had been employed in Chapter X., Experi- 
ment 45, &c. The diagrams are again given, but with 
the addition of keels to two of them. The results were 
measured by the length of lever, not by weights. 




c, the centre of gravity* and the dotted lines the depth of flotation. 

Experiment 48. 

No. 1. Semicircular bottom . ) Weight f Each with £ in. 
No. 4. Elliptic bottom . . .} lib. 13 oz. {depth of keel. 

Result — No. 1 resisted most, and equal to 1 inch 
of lever. 

Experiment 49. 

No. 1. Semicircular bottom . ) Weight f Each with J- in. 
No. 2. Flat bottom . . . .j lib. 13 oz.{ depth of keel. 

Result. — No. 2 resisted most, and equal to 1J inch 
of lever 

Experiment 50. 

No. 1. Semicircular bottom .) Weight [Each with £ in. 
No. 3. V or triangular bottom} 1 lb. 13 oz. {depth of keel. 

Result. — No. 3 resisted most, and equal to 1 inch 
of lever, but was disposed to turn over. 



Experiment 51. 

No. 1. Semicircular bottom .) Weight J With J in. keel. 
No. 4. Elliptic bottom . . . J 1 lb. 13 oz. {With 1 in. keel. 

Result. — No. 1 resisted most, and equal to 1 inch 
of lever. 
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Experiment 52. 

No. 1. Semicircular bottom .) Weight ( With £ in. keel. 
No. 2. Flat bottom . . . J 1 lb. 13 oz.jwith 1 in. keel. 

Result.— No. 2 resisted most, and equal to 1^ inch 
of lever. 

Experiment 53. 

No. 1. Semicircular bottom .] Weight (With | in. keel. 
No. 3. V or triangular bottom] 1 lb. 13 oz. (With 1 in. keel. 

Result. — No. 3 was overturned by the resistance. 

Experiment 54. 

No. 1. Semicircular bottom .) Weight ( Each with \ in. 
No. 2. Flat bottom . . . .} lib. 13 oz. (depth of keel. 

Result. — No. 2 resisted most, and equal to 3 inches 
of lever. 

Experiment 55. 

No. 1. Semicircular bottom .} Weight f Each with \ in. 
No. 4. Elliptic bottom . . .} lib. 13 oz. {depth of keel. 

Result. — No. 1 resisted most, and equal to 1 inch of 
lever. 

Experiment 56. 

No. 1. Semicircular bottom .) Weight ( Each with \ in. 
No. 3. Y or triangular bottom] 1 lb. 13 oz. \ depth of keel. 

Result. — No. 3 resisted, but overturned. 

Experiment 57. 

No. 1. Semicircular bottom .) Weight (With J in. keel. 
No. 2. Flat bottom ... J 1 lb. 13 oz.jwith ± in. keel. 

Result. — -No. 2 resisted most, and equal to 1| inch 
of lever. 

Experiment 58. 

No. 2. Flat bottom . . . .) Weight (No keel. 
No. 3. V or triangular bottom ) 1 lb. 13 oz.(No keel. 

Result. — The resistance equal. 
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Experiment 59. 

No. 1. Semicircular bottom .\ Weight (No keel. 
No. 3. V or triangular bottom j 1 lb. 13 oz.\No keel. 

Result. — No. 3 resisted most, and equal to 4 inches 
of lever. 

Experiment 60. 

No. 3. V or triangular bottom) Weight jNo keel. 
No. 4. Elliptic bottom . . .J 1 lb. 13 oz. I No keel. 

Result — No. 3 resisted most, and equal to 6 inches 
of lever. 

Experiment 61. 

No. 1. Semicircular bottom •) Weight (With \ in. keel. 
No. 2. Flat bottom . . . .) 1 lb. 13 oz. (No keel. 

Result. — No. 2 resisted most, and equal to 1\ inch of 
lever. 

Experiment 62. 

No. 1. Semicircular bottom .) Weight (With 1 in. keel. 
No. 4. Elliptic bottom . . .) 1 lb. 13 oz. (With f in. keel. 

Result. — The resistance was equal, but No. 1 over- 
turned. 

Observations on the Remits of the Lateral Resistance of 

the Four Models. 

No. 1 resisted most with a depth of keel of J inch. 

No. 2 resisted most with a depth of keel £ inch, 
\ inch, 1 inch, and no keel. 

No. 3 resisted most with no keel. 

No. 4 was beat in every instance when tested against 
either of the others with equal depth of keel ; but was 
equal to No. 1 when that had 1 inch keel and No. 4 
had | inch keel. 
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Again — 

No. 1 possessed the least resistance with 1 inch keel. 
No. 2. The variations in the depth of keel made no 
difference. 

No. 3 had the least resistance with 1 inch of keel. 
No. 4 had the least resistance with no keel. 
The scale of superiority appears to be thus : — 

No. 2, the flat-bottomed, most decidedly the best, or .1. 

No. 1. the semicircular bottomed 2. 

No. 4, the elliptic-bottomed 3. 

No. 3, the triangular-bottomed, the most dangerous ex- 
cept with no keel 4. 

On turning to the diagrams it will be seen that the 
centres of gravity of Nos. 2 and 4 are lower than those 
of Nos. 1 and 3. Again, the lines of flotation of Nos. 
2 and 4 are likewise lower than Nos. 1 and 3. This 
being the case, the lateral leverage of Nos. 2 and 4 above 
the water is greater than that of the other two ; and 
their leverage is, on the contrary, greatest in the water, 




Mr 



fr 



U 

particularly the triangular bottom. No. 2 floats higher 
than it would have done, had it not been made hollow 
in part to reduce its weight down to the others. 
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The mode by which the lateral resistance was tested 
will be clearest understood by the inspection of the 
accompanying diagram, a b represents the upper 
surface of the models, being 14 inches long and 4 
inches wide at g h ; c and d the 2 nails to which the 
lines c e and d e were attached ; e f is the single 
line fixed on the end' of the balance- rod f. The sides 
of the models were rounded off as a g i, to prevent 
oscillation whilst being drawn through the water, at 
the same time partaking more of the usual form of the 
sides of a ship. 

Whilst carrying out these experiments on lateral 
resistance and keels, many instances occurred of the 
superior effects in the lengthening of a keel, over the 
deepening of one. The deepening of a keel acts directly 
and powerfully to overturn — not so the lengthening ; and 
although a small addition in depth may, and does, under 
certain circumstances, improve a ship's lateral resistance, 
yet if the depth be much increased, it so militates 
against the object sought by the great inclination which 
ensues, consequent on the force of lateral resistance, as 
to be altogether injurious. 



OF THE RUDDER. 

The rudder is a flat frame- work of timber, ascending 
perpendicularly from the bottom of the keel to a dis- 
tance above the surface of the water, sufficient to admit 
of a lever being fastened to it in nearly a horizontal 
position, to move the same either to the right or left ; it 
being so attached to the stern-post by means of hooks 
and rides, or similar contrivances, as to admit of such 
lateral motion. 

The purpose of the rudder is to alter the direct course 
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of a vessel when its body is going through the water, 
and into any position the helmsman may desire. That 
the rudder may act with full effect, it is necessary for 
the water to have as direct and unimpeded course 
against either of its sides as it is possible to allow. 
The wider the body of the rudder is made, the greater 
the pcrwer; but in general it does not much exceed 
in sailing vessels one twenty-eighth part of a ship's 
length. 

OF THE KEEL. 

The keel is that part of a boat or ship which is 
situated at the bottom on the outside, and extends in a 
direct line from the cutwater at the head to the post at 
the stern, descending perpendicularly down below the 
hull to the depth of several inches or feet, according to 
the size of the vessel. Its uses are, — first, to cause the 
floating body, say of a ship, to preserve a direct course 
in its passage through the water ; second, to act as a 
check to lee- way ; third, to moderate the rolling 
motion. 

Ships formed with flat bottoms, and particularly if 
they be constructed with parallel sides, require little 
depth of keel to preserve a direct course ; and in order 
to check the lee-way, a substitute for a keel is applied 
in the form of a sliding keel (called lee-board), sus- 
pended over the lee-side, as seen in barges. But when 
the bottoms of vessels are not flat, or do not draw the 
same depth of water at the head and stern, particularly 
the latter, the keel becomes more essential, or the ship 
will have a rotatory motion and be under no command. 

With regard to the depths of keels, it will be need- 
less to repeat what has already been given in the 
experiments, from 52 to 62. 
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CHAPTER XII. 



Having terminated the experiments relating to the 
midship section, and lee-way or lateral resistance, it 
will not be departing from the subject in view to intro- 
duce in this place a few examples of floating bodies, 
varied in their dimensions, and to compare their respec- 
tive speeds. 
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Experiment 63. 

A boat, K, 4 inches wide and 16 inches long, having 
the midship section at the point of half its length, with 
the bows and stern alike, was tested against a boat, C, 
after the formation of a bird, also 4 inches wide at 
midship, 16 inches long, having its bottom not cut up, 
the same as K. The weight of each, 20 1 oz. 
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The boat K beat in speed the boat C by 2 oz., but its 
course through the water was much inferior to C; 
therefore a piece of keel was necessary to remedy the 
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evil. The stability of K equalled 2£ oz. ; that of C, 
2 oz. 

Experiment 64. 

A bird-shaped boat, H, being 20 inches long and 
4 inches wide, with a straight bottom, the same as K, 
was tested against a boat, L ; the length, width, and 
weight the same as H, which equalled 22 oz. 
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The trial of these two boats gave the speed on the 
side of H, and to the amount of 4 oz. in extra weight 
when the boat L was drawn with its stern foremost ; but 
when tested with its bows foremost, no difference was 
perceptible between them in speed. The stability of H 
was 2£ oz. ; that of L, \\ oz. 

Experiment 65. 

On comparing the speed of H, with its bottom curved 
up, with the boat L, the difference was 12 oz. on the 
side of H, it being so far superior to L in consequence 
of the alteration. 



Experiment 66. 

A boat, 0, of the bird shape, 5f inches wide, 28 inches 
long, weight 2 lbs. 5 oz., was tested in its speed against 
a boat, I, also of the bird shape, 4 inches wide, 28 inches 
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long, weight 2 lbs. 5 oz. I sank in the water |4 inch, 
and 0 sank inch, 







28 
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The result gave the speed on the side of I, in the 




extra weight of 21 oz. The stability of 0 was 8 oz. ; 
that of I, 2£ oz. 
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Experiment 67. 

The boat 0 was tested with a boat P, of a different 
form, but of the same width of 5f inches, 28 inches long; 
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and weight of each, 3 lbs. 4 oz., or 52 oz. 0 sank in the 
water inch, and P sank f inch. 

The boat 0 beat P by 2 lbs. 5 oz., or 37 oz. extra 
weight. The stability of 0 equalled 8^ oz. ; that of P, 



12 oz. 
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Experiment 68. 

The boat P was tested against a boat Q, being 8 inches 
wide, 28 inches long, and weight of each 3 lbs. 4 oz., or 
52 oz. P sank in the water -| inch, Q sank | inch. 

The boat P beat Q by 20 oz. extra weight. The 
stability of P equalled 12 oz. : that of Q, 21 oz. 
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Experiment 69. 
The boat Q was tested against a boat R, being 
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11 inches wide, 28 inches long, of the bird or duck 
shape, each weighing 5 lbs. 1 oz. Q, sank in the water 
inch, and E, i-§- inch. 
The boat Q beat the boat R by 4 oz. extra weight. 
The stability of Q was 25 oz. ; that of R, 29 oz. 

On the Courses of Ships. 

Experiment 70. 

A model of wood 18 inches long, 3£ inches wide, and 
3 inches in thickness, with the sides parallel, and the 
bottom flat and solid. 



b c 



Diagram. — Scale \ of an inch to an inch. 

The model a b c, when drawn on the water by a 
line fastened to a nail at the point a, the course proved 
very steady, for the sides being parallel performed the 
part of a keel. On moving the line to a nail or mid- 
length, b, and putting the towing force in action, the 
course was steady during the time the line corresponded 
with the axis of length of the model ; but at the least 
deviation from this, the head flew back and the stern 
c came forward, and the course in a direct line was 
destroyed by the model floating sideways; this is in 
consequence of the lee bow's resistance against the 
water being greater than its pressure on the lee side 
towards and at the stern. 

Experiment 71. 

A keel of 1 inch in depth was alfixed towards and at 
the stern between b and c, but this had not the effect 
of greatly improving the course when the line by which 

i)2 
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it was drawn deviated considerably from the long axis 
of the model; the excess of the lee-bow's resistance 
from the water still prevailed over that acting towards 
and at the stern. 

Next, a line for towing was fixed to a nail at one- 
third of the length of the model from the bows, and a 
lee-board placed at the point at mid-lengh. The model 
when moved forward by the force being applied at the 
one- third, but acting at the angle of 45° with the long 
axis, had a very steady course. After this, the lee- 
board was placed on the side close upon the stern, when 
the course during the motion forward was rendered 
perfect. 

Experiment 72. 

The model of deal, and solid, was steady in its course 
with the towing-line fixed on a nail at a, having the 




a e 


— f-j 




r 1 



Scale i of an inch to an inch. 



keel d e f. When the line was removed to a nail at b 
the head flew away from the force applied. An extra 
keel, ekiig, being attached to the former one, and 
the line attached to a nail at C, .the mid-length, the 
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course proved very steady, on being towed at the 
angle of 45 Q , "with, the model's axis of length. How- 
ever, on increasing the towing force sufficient to cause 
the model to heel, the head in consequence retreated, 
and the stern came proportionally forward. 

Experiment 73. 

A model of an East Indiaman, 28 inches long, and 
5^ inches wide, or beam. 

The towing-line was fixed at 8 inches from the head 
towards the midship, and when the model was put in 
motion the course of it proved steady, being drawn at 
the angle of 45°. But on removing the towing-line to 
a nail at mid-length, or 14 inches from the head, and 
at the place of the centre of gravity, lengthwise of the 
model, and then towing forward, the course was only 
steady so long as the towing-line remained parallel 
with the axis of length, since the head yielded to the 
resistance of the water on the lee-bow. 

It was observed of the model during the experiments 
to sink deeper into the water at the head than it did 
towards and at the stern: that is to say, the water 
ascended up the bows, and in height proportioned to 
the increase of the speed. When the towing force was 
so much increased as to cause the vessel to heel on one 
side, the head flew up into the wind, in consequence 
of the stern part of the keel and rudder sinking less 
deep in the water, by the vessel lying upon its side ; 
therefore the keel being thus inclined out of the per- 
pendicular, the pressure of the water upon the aft part 
of the model became proportionally reduced, which 
destroyed the balance which before existed between the 
bow and stern. 

From the foregoing experiments it appears that a 
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large cutwater and deep keel, or a good foot, as it is 
named, are decidedly injurious to a direct course with 
wind near or upon the beam, by causing in no small 
degree the tendency of the head to fly up into the 
wind, from the resistance the water meets with against 
a prominent foot and bows. To counteract in some 
measure this evil propensity of a ship, is by sails on 
a bowsprit; but these sails, though they, from the 
angle at which they are fixed, lift the bows in some 
measure, as well as force forward a ship, yet place the 
centre of force of all the sails very far towards the 
head of a ship, and thus cause a greater pressure of 
the bows itself upon the water, accompanied by deep 
plunging, with a reduction of speed. 

If much bowsprit sail be necessary for a ship, aft 
sails ought to be applied to palliate the evils of the 
former, lest the wind on the sails, if a raking mast, lift 
up the stern in a degree, instead of acting downwards 
rather, which thus relieves the heavy pressure upon the 
bows. Moreover, the stern sails cannot be placed too 
low and proportionally large for the above purpose, 
bearing in mind that the centre of gravity, considered 
with respect to a ship's length, is the centre of motion, 
therefore the distance from this centre, both towards 
the head and the stern, may be considered as levers, 
and are acted upon accordingly. 

Experiment 74. 

A model was made having the angle quite rounded 
off between the side and the bottom, extending from 
the bows to near the midship section, but on one side 
only, the other side being left with its right angle. 

When drawn by a line upon the water attached to a 
nail on the deck, a little forward of the mid-length, 
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and at the angle of 45°, with the axis of the length of 
the model, it was found that the resistance from the 
rounded lee side was much less than on the right- 
angled side, against the water. In consequence of this 
difference, the centre of force of the sails of any ship 
may be placed proportionally nearer the mid-length, if 
the above be in some measure adopted. 

With regard to the steering of a ship and the steadi- 
ness of its course. A ship whilst passing through the 
water, whether impelled forward by wind or steam, is 
influenced very similarly to the vane on the top of a 
building to denote the directions of the wind. In the 
instance of the vane, the air moves, not the vane. In 
the former case the ship moves, not the water, generally 
speaking. Now, it is found of a vane to answer quickly 
the direction of the wind when the head is small, and 
the after part, which is situated behind the pivot of 
suspension, is perpendicularly broad ; so with a ship's 
stern, keel, and rudder, having its centre of gravity as 
its pivot. 

The Experiment No. 8, and Table C, exhibits No. 2, 
with one-fifth of the base or beam for the depth of 
flotation, as possessing the greatest stability. Now, 
admitting the depth of flotation to be one-fifth at the 
midship, then the depth from the midship towards both 
head and stern must be greater than one-fifth — indeed, 
be in an increasing ratio as the distance nears those 
extremities ; consequently the stability diminishes pro- 
portionally, as shown in the same table, C, in No. 5, 
being inversely to the length ; thus throwing the sup- 
port of such parts upon the superior stability about 
the midship section ; which, therefore, must necessarily 
be reduced. The annexed diagram will explain the 
meaning. 
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Let a b c d be the model, and b d the midship section. 
Take any point in the sides bc,dc, as f, and draw the 
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line f g parallel to bd; likewise draw F h and g i 
parallel to a c, cutting b d in h and I. Now, it is well 
known, that the straight line f g equals the straight 
line h i, which is part of the line bd. h i is less than 
B d ; so also must be its equal, f g. 

From hence it follows, that since b d is greater than 
f g, then is one-fifth of bd likewise greater than one- 
fifth of F g ; consequently the stability is proportionally 
less. The same can be shown of every line that may 
be drawn parallel to b d between b d and the extremi- 
ties a and c. 



Experiments on this Rolling of Ships. 

Two pieces of deal, Nos. 1 and 2 (see diagrams), each 
14 inches long ; 4 inches wide, or beam ; 3 inches deep; 
and made by lead of equal weight ; but No. 1 having 
a semicircular bottom, the other, No. 2, made quite 
flat, with the sides of both models perpendicular and 
parallel. 

In the centre of length of each model was inserted a 
mast 8 inches in height. 

These models were put to float on water, and each 
made to roll or oscillate by the hands on the top of 
their masts, two at a time, which inclined them to an 
equal angle, and then were let go at the same moment. 
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The number of oscillations were taken account of 

« 

by two persons, and the result as follows : — 
No. 1 oscillated ... 20 times. 



No. 2 



8 



fj 



Keels were now affixed to both, and were of the 
depth of 1 inch. 





No. i. 
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The oscillations of No. 1 were by this means reduced 
to 8 ; that of No. 2 to 7. 

Thus it appears that the keel- proved of essential 

d 3 
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effect on the model No. 1 with regard to its rolling 
propensity, but which was not the case with the flat- 
bottomed and right-angle-sided model, No. 2. 

After this some lead was fastened on the top or deck 
of No. 2, and when it was put on the water to oscillate 
its before, it did not do so, but remained inclined when 
left by the hand. 

The model No. 1, which had some lead placed on its 
deck to make it of equal weight with the model No. 2, 
had the lead removed and fastened on the bottom, and 
when again made to oscillate, its motion was much 
quickened in consequence, notwithstanding the keel. 

With regard to the Centre of Gravity. 

Both models being of 3-inch deals, the centre of 
gravity of No. 2 was exactly in the centre of its thick- 
ness, or 1^ inch below the deck. This was not so with 
No. 1, because the bottom was semicircular, which 
reduced its weight and caused the centre of gravity to 
proportionally ascend, till it was found to be If inch 
below the deck ; but with the lead on the deck, it was 
raised by it up to 1| inch below the deck. 

The centre of gravity of No. 2 was 1 J inch below 
the deck ; but with the addition of the same weight of 
lead as on No. 1, the centre of gravity was raised by it 
up to 1 J inch below the deck, or f higher than without 
the lead, which rendered the model so top heavy as to 
prevent oscillation, yet not sufficient to turn it over. 

At the conclusion of these experiments a model was 
made, 6 inches wide (see diagram No. 3, p. 57), having 
the same length and depth as No. 2, with flat bottom 
and parallel sides. This model was also of deal, and 
its centre of gravity, like No. 2, was 1J inch below 
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the deck. Upon testing its oscillations on the water 
with No. 2, they were found to be from 10 to 12, 
whereas those of No. 2 were, as before, only 8. No 
keels were used. 

It has been stated that the centres of gravity of these 
two models, No. 2 and No. 3, are each 1^ inch below 
their decks ; but in the square of 4 inches by 4 inches, 
it is situated 2 inches below the deck, and in the square 
of 6 inches by 6 inches, 3 inches is the place of it below 
the deck ; therefore the centre of gravity of No. 2 model 
is ^ inch lower than it is in its square, and that of No. 3 
model is 1J inch lower than in its square; and in 
consequence they are to each other in the proportion of 
1:3; or, to the height above their bases, taken in- 
versely, as 3 : 1. 

This difference must be the cause of No. 3 model 
oscillating quicker and longer than No. 2 ; and the same 
as regards No. 1 and No. 2. 

These several experiments seem to prove that the lower 
the centre of gravity is situated in a ship, the quicker 
and longer are the rolling motions. And on the other 
hand, the higher the centre of gravity is in a ship, the 
slower, deeper, and fewer are the oscillations, until they 
cease altogether, and are followed by upsetting. 

It further appears that, with regard to the place of 
the centre of gravity in a ship, the line of the water 
level is not the true guide for its situation, but the 
square of midship beam ; taking into consideration any 
difference in the forms of the body, bows, and stern 
from that of a barge; for the narrower they are, the 
higher will be the centres of gravity of their respective 
sections. 

From the nature of the oscillations of No. 2 (having 
its centre of gravity at half the depth or thickness of 
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the model, namely inch, or y of an inch, above 
the bottom) being found too deep and slow at their com- 
mencement, a weight was fixed on the bottom, which 
lowered the centre of gravity to y, and had the 
desired effect of reducing the deep rolling, causing at 
the same time the motions to be quicker. 

Now these y of an inch, the height of the centre 
of gravity in No. 2 above the bottom of 4 inches, is to 
the height of the centre of gravity of the square of 
4 inches, which is 2 inches, or x ¥ 6 , as 10 : 16, and to 
the beam as 10 : 32, or nearly as 1 : 3. 

In the 6-inch beam model, No. 3, the centre of 
gravity in the square of 6 inches, completed by the 
dotted lines, is situated 3 inches or 2 ¥ 4 above the 
bottom. 

In order to obtain the proportion for No. 3 as in 
No. 2, of the height of the centre of gravity, merely 
reverse them, and say 16 : 10 : : 24 : 15. In the base 
of 6 inches there are 4 ? 8 ; therefore 15 : 48 : : 1 : 3, 
nearly. 

Having raised the centre of gravity of No. 3 by lead 
fixed on the mast at a (see diagram), to cause the 
centre of gravity to be situated y of an inch above the 
bottom of the model, the oscillations are then made to 
correspond exactly with No. 2. 

Another experiment was made with a model formed 
as the diagram No. 4, p. 57, having the hull a right 
angle, and parallel sides. This, when put to oscillate on 
the water, possessed such rapidity of motion as to far 
exceed that of the other three models, and, in fact, to 
be perfectly unsuitable for a tumultuous sea. 

Nothing has been mentioned relative to the centre 
of gravity of the displacement of the models. 

Let the diagram a b c d be the midship section of 
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No. 2 model, and e f the line of the water level. As 
before stated, the centre of gravity is in that dotted 




i inch scale. 

line e F. Let the point g be the centre of that line ; 
then g is in consequence the place of the centre of 
gravity. 

Again, let e d c f denote the displacement by the 
model No. 2 ; and if the point h be equidistant from 
the points e c and d f in the parallelogram e d c f, it 
is in the centre of that parallelogram; therefore h 
is the centre of displacement, which is £ of an inch 
below the centre of gravity of the model. 

Next, take the example of a yacht, and, for argument 
sake, let the form of the midship section be as this 




£ inch Bcalo. 

diagram, abcd, having e f the line of the water level ; 
therefore the parallelogram e d c f being under the 
level of the water, represents the displacement. 

Let the point h, by the means of ballast, be the 
centre of gravity of the yacht, and admitting it to be 
equidistant from the points e c and d f, it is likewise 
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the centre of displacement, and these two centres do in 
this instance exactly coincide. 

Experiments made to ascertain the Situation of 
the Long Axis of a Ship around which it 
Oscillates or Rolls. 

No. 1 model is of deal, and solid. No. 2 is also of 
deal, and hollowed out, having lead fixed on the bottom 

No. l. 




1Y 



LIWC 



e r 



i m e h c ■ 
O 



WAT e N 



L C V t l_ 



No. 2. 



Simcnii 




to reduce the centre of gravity down to a low point. 
The diagrams at the sides are the midship sections. 

These models, when put on water, were made to 
oscillate, and they both were observed to oscillate or 
roll on the line of the water level, and at the points 
marked o in each of the midship sections, thus proving 
the axis of their motion to be there situated. 

The centre of gravity of each is at the point g in 
their midship sections ; therefore, when the centre of 
gravity of a ship is on the line of the sea level, the 
centres of oscillation and gravity coincide. 

Upon the Rising of the Bows of a Ship. 

From the experiments which were made with a 
model of deal 25 inches long, 4 inches wide at midship, 
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and 2 inches deep, it appeared that for the easy rising 
of a sharp bow, it proved best to have the centre of 
gravity situated about Ar part of the length of a ship 
aft of the centre of that length. But the consequence 
was, that the stern part sank proportionally the deeper, 
particularly as the speed increased. 

The remedy for this extra sinking of the stern can 
be obtained by an increase of the breadth towards and 
at the stern, or by an additional height of the sides. 

A few more Remarks upon Ships and Boats. 

The two model boats of deal (see diagrams below) 
were made of the same length, namely, 28 inches ; of 
the same weight, 3 lbs. 13 oz. ; and of equal depth or 
thickness ; but one of them having the width or beam 
6 inches, and the other 4 inches, with their bottoms 
flat, and their sides perpendicular and parallel. 

With regard to stability, that of the 6-inch beam 

No. l. 



> 





No. 2. 



iiZZMM... Angle 24*. 



> 



*x SB \ Angle 18°. 



The models on a scale of iV of an inch to an inch. 

equalled 22 oz., and the 4-inch beam 7J oz. only ; thus 
being to each other in the ratio of 3 : 1. 

These models were drawn together on the water by 
means of the two ends of the balance rod attached to a 
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nail on each of their bows, and their speed, thus tested, 
proved nearly equal. 

After this a mast was fixed in each of the two models 
at the distance of one-third of their length from the 
point of their bows, the towing lines being fastened on 
them at the height of 6 inches above their decks, to 
represent the altitude of the centre of force of wind on 
sails, and they were then drawn forward as before. The 
result gave no difference in their respective speed until 
the towing power was much increased, when the bows 
of the 4-inch beam model became more or less buried 
in the water. The floating steadiness of the 6-inch 
beam model far exceeded that of the 4-inch one. 

The equal speed of these models, tested as above, is 
to be attributed to the greater surface bearing on the 
water of the wider one over that of the narrower 
(see p. 20 of the 4th edition) and the smaller angle 
of the bows — 18°. The narrower model, of the same 
weight, sank lower, and thus had the greater quan- 
tity of deep water to displace before it, with the larger 
angle of 24° for the bows. When the angle was re- 
duced to 18°, the same as in No. 2, the speed was 
greatly improved by it. This, therefore, is a means — 
the bevelling of the bows — of improving the speed of 
ships with wide bows. 

During the experiments the 4 -inch beam model 
seemed to be overloaded, and, in consequence of the 
centre of gravity being necessarily high, to carry with 
its own weight that which made it altogether equal to the 
total weight of the broader beam, it proved very cranky, 
which was not at all the case with the 6-inch beam. 

The 6- inch beam model has one- third more beam 
than the 4-inch one ; therefore the leverage is in the 
same proportion. Whenever, then, a side wave ap- 
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proaches a ship, say of 60-feet beam, it will have the 
better chance of being lifted up and riding in safety upon 
it, instead of its breaking over the deck and carrying 
all before it, which the 40-feet beam is the more liable 
to experience. It must, however, be observed that a 
broad beam ship may be equally overloaded as a narrow 
beamed one, when the same evil will ensue. 

It is the overloading of ships which has caused so 
many to founder at sea, saying nothing about the loss 
of speed by so doing. The desire to stow away and 
carry all the cargo possible, without considering the 
floating ability of a vessel, is the mischief. 

Since the stability of No. 2 exceeds that of No. 1 
in the ratio of 3 : 1, then its capability of carrying 
more sail is in the same proportion. If the above be 
correct, we have the wide beam offering greater safety 
and greater speed than the narrow beam, when ships 
and cargo together are of equal weight. The yacht 
clubs should test this. 

It has occurred to me that a mistake has long 
existed with regard to the form very universally se- 
lected for sailing-boats and ships. 

It is well known that " there is no power without 
resistance." Now stability offers one means of resist- 
ance, and a flat bottom with parallel and perpendicular 
sides is another; because a ship under sail, except 
before the wind, must have the least possible tendency 
to leeway, which the right angle edge, contained 
between the perpendicular sides and bottom, so largely 
possesses, as has been already shown. 

But when boats and ships are to be impelled forward 
by oars and steam only, the case becomes altogether 
different : for nature, throughout the air, in water, 
and upon the water, has adopted the form seen in 
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birds, water-fowl, and some fish, as presenting the least 
resistance in their passage through the air and water, 
in all of which stability and leeway are of little moment. 
Man, therefore, did wisely in selecting some one of 
these forms for his canoe and ship, and the correctness 
of them is in a degree proved at pages 30 to 33. 

When, however, some one of the above forms is 
adopted for a boat or ship to which masts for sails are 
to be applied, particularly if of narrow beam in pro- 
portion to length, they must be more liable to founder- 
ing during a gale. For them ballast is essential, 
besides cargo, which, together, take considerably from 
the buoyancy of any vessel. Whereas cargo alone is 
sufficient for a flat-bottomed ship, if properly stowed. 

During the many experiments that have been made, 
up to the present time, with models driven by sails, or 
towing lines to represent them, it has been found that 
bowsprits with sails attached are most essentially neces- 
sary to every sailing-vessel, for the purpose of keeping, 
with the help of the rudder, the head of the ship in the 
direction required. 

When, a ship is made to heel by the wind on the 
sails, her displacement more or less varies from her posi- 
tion when upright, and her lee bow, in consequence, 
sinks deeper into the water than the windward one. 

Again, the keel towards and at the stern is inclined 
from the perpendicular, and thus offers less resistance 
to leeway, and as both the head and the stern parts 
present different bearing against the water, when in- 
clined, to what they do in an upright position, the 
effect can only be counteracted by the sails on the 
bowsprit, and the moving of the rudder, to prevent the 
stern from swinging round and thus causing the head 
to fly up into the wind. 
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jSTot having met with any data relative to the height 
of the sides of boats and ships above the load water 
line, I was led to make the following experiments. 

Four tin boxes, without lids, and each 4 inches square, 
but varying in depth as follows : — 

No. 1 .... 1 inch in depth. 

„ 2 .... 2 inches ,, 

,, 3 . . . . 3 ,, ,, 

4 4 

These were floated on water, one at a time, and 
weighted as required. 

No. 1 was put to float with its brim £ of an inch 
above the surface of the water. The water was then 
agitated, when it immediately foundered. The total 
weight, 2f oz. 

No.- 2 was then floated, and by weight made to swim 
with its brim f of an inch above the surface of the 
water. The water was strongly agitated, but without 
flowing over the brim, and it therefore floated safely. 
The total weight equalled 9f oz. 

No. 3, when floated, &c, as before, having its brim 
also £ of an inch above the surface of the water, floated 
without foundering during the agitation test. The 
total weight equalled 20£ oz. 

No. 4, all as before with Nos. 2 and 3, and with the 
same result. The total weight of No. 4 was 27% oz. 

The water during the experiments was made as 
wavy and rough as circumstances would admit, and 
the proportion of f of an inch for the height of the 
sides of the models above the surface of the water 
gives 1 nearly of the beam of 4 inches ; but for greater 
safety, let it be in the proportion of 1 ; 4 of the midship 
beam. 
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A boat, then, having 4 feet beam, will require its 
sides to be not less than 1 foot above the load water 
line ; a ship of 40 feet beam, to have 10 feet ; and a 
ship of 60 feet beam, to have 15 feet above the load 
water line. 

With regard to the head and stern, these must ne- 
cessarily be carried up higher, particularly the former ; 
but this, however, depends in no small degree upon 
the form, since a more or less semicircular bow will rise 
with the waves, if not overloaded, whereas a long sharp 
bow will cut through them, and thus cause the sea to 
continually flood the forecastle. 

Let what has resulted from these experiments be 
taken as an approximation to the true scale, which can 
only be obtained correctly by measurements at sea. 



CHAPTER XIII. 

Having completed some of the most necessary experi- 
ments relative to ships, before entering upon the con- 
struction of a boat or ship upon the principles proved 
essential to be observed, a briof recapitulation of the 
conclusions will simplify proceedings. 

Of the Resistance of Water against the Head of a 
Vessel. — With a square and perpendicular bow, the 
resistance is directly as the surface. 

Stability. — This acts when the width is increased 
one-half nearly in the cubic ratio, but not afterwards, 
being as 2, 7, 14, 22 ; and when the length is added to, 
the law of stability, if the dimensions be doubled, 
operates in the proportion of 1:3; then the same 
quantity of length being continually annexed, it takes 
the arithmetic ratio. Again, the height or thickness 
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of a body being alone varied, the law of stability 
operates most when the depth, measured from the line 
of flotation on the parallel-sided body, equals one-fifth 
of the width, the centre of its gravity being on a level 
with the surface of the water. 

The Form of the Bows. — The conclusions are, that the 
sharper the form of the bows, the less is the resistance 
from water ; and if gentle horizontal curves be substi- 
tuted for horizontal straight lines on the sides of the 
bows, the speed will be improved. 

The Bevelling-up of the Bows. — The effect of the 
bevelling -up of the bows is in favour of speed by di- 
minishing resistance, in consequence of the bows thus 
formed rising higher and higher out of the water with 
every increase of speed. 

The Bevelling-up of the Stern. — The tapering of the 
sides throughout the greater length of the body of a 
ship is detrimental to speed ; but if it be commenced at 
the midship section, and the reduction moderate and a 
curve, the advantage will be great. The same benefit 
results when the bottom is gently curved up from the 
midship to the stern. 

Of the Length of Ships, all having the same Bows, and 
Beam, and equal in Weight — The result obtained is, — 
if equal increment of length be tested, equal advantages 
will be obtained on the side of the equal increments. 

The Form of the Midship Section. — As regards speed, 
the semicircular form possesses the most, and the trian- 
gular one the least. Again, the flat bottom floats the 
shallowest, and the triangle the deepest, being double 
that of the former when of equal weight. 

Lee-way. — This property in a ship depends directly 
upon the perpendicular depth and length at which it is 
immersed whilst floating upon the water. 
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Of Floating Bodies varied in their Dimensions. — It 
appears that the shallower the same weight can be 
supported upon water, the less the resistance as regards 
speed ; consequently extended surface of bearing to a 
certain degree is advantageous towards facilitating 
progress, and which a moderate curve always imparts. 
But where an extension of surface-bearing can be ob- 
tained without loss of speed, stability becomes directly 
increased, which is a gain in power to vessels impelled 
forward by the wind, as it admits of a proportionate 
increase in the breadth of sail, and therefore of speed. 

Whilst carrying out these particular experiments, it 
appeared, that if the angles exposed in any way to the 
water were rounded off, greater speed ensued ; but it 
was generally at the expense of stability, and decidedly 
so if the projections be low, because the greater is the 
length of lever from the centre of motion. . . 

Curves were found to favour speed in comparison 
with straight lines ; consequently the latter are to be 
avoided as much as possible wherever speed is the 
object, and the oar and steam are to be the moving 
powers. 

With respect to the general form of ships, experi- 
ment decides most positively that the bird or duck 
species affords the true models for comparison and study, 
since the forms of fish are so exceedingly various. 



CHAPTER XIV. 

Much has been said upon the comparative speed of 
several models, likewise of their stability. Now, as 
stability forms the basis of the power by which the 
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wind, acting upon sails, impels forward the body of a 
vessel, it will be right to take into consideration and 
calculation these respective qualifications, as possessed 
by some few of the models which have been tested. It 
is evident that those models which equalled or surpassed 
their competitors in speed, and at the same time had 
greater stability, will always, under the same weight, 
run away from vessels of less stability ; and if this be 
admitted, it will be necessary only to investigate the 
more extreme cases of both speed and stability, one or 
two instaDces excepted, when the merits of all the rest 
follow as a matter of course. 

First — Let the model I, in Experiment 66, be 
selected, which is of the bird or wild-fowl shape, 4 
inches wide and 28 inches long. This, when tested 
with the model 0, also of the bird form, whose breadth 
is 5f inches, length 28 inches, and the weight 2 lbs. 
5 oz., gave the following result : the model I beat in 
speed the model 0 by 21 oz. extra weight. The sta- 
bility of I equalled 2 J oz., and that of 0, 8 oz. 

Now the 21 oz. extra weight just exceeds the half of 

2 lb. 5 oz. or 37 oz., the whole weight moved. The 
stability of 0, which represents the power of carrying 
sail, is superior to that of I, in the proportion of 8 oz. 
to 2j oz.; 32 : 10 : : 3 : 1 nearly. Thus, leaving 
two parts out of the three of O's stability above that 
possessed by I, which in ounces amounts to 37 + 37, 
the weight of the model 0 doubled = 74 oz. This 
sum in favour of 0 is to be set against the 21 ounces of 
superior speed possessed by the model I, and in figures 
is 74 — 21 = 53 oz. 

The draught in the water of these models, each laden 
with the extra 21 oz., making a total of (37 + 21 oz.) 

3 lbs. 10 oz., was in tho model I, \\ inch deep, and in 
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0, f inch ; thus proving the boat with greater breadth 
of beam would, under canvas proportioned to its sta- 
bility, be decidedly the better boat of the two. 

Second, — The next models for comparison are 0 and 
P, in Experiment 67. These were both 5£ inches wide, 
28 inches long, and each of the weight of 3 lbs. 4 oz. 
In this instance 0 proved superior in speed to P by 
2 lbs. 5 oz. extra weight. The stability of 0 now 
equalled 8 J oz., and that of P 12 oz. The extra weight 
of 2 lbs. 5 oz., or 37 oz., equalled, say, two- thirds of 
52 oz., the weight moved. The stability of P is not 
quite one-half more than that of 0, but let it be so, 
which sum if denoted by ounces, will equal V = 26 
oz., and deducted from 37 oz., the extra speed of O, 
will leave (37 — 26) 11 oz. as the result on the side of 
O ; meaning, w r hen P and 0 are moving under sails 
proportionate to their respective stabilities, for their 
speeds to be equal 0 must carry 11 oz. more than P. 

The draught in the water of these two models, 
when of equal weight, and each having the extra 
37 oz. or total of 89 oz., was in 0 inch, and in P 
f inch. 

Third. — The model P again made use of to test the 
model Q, in Experiment 68. The dimensions, &c, of 
P are, width 5§ inches, length 28 inches, weight made 
equal to 3 lbs. 4 oz. The dimensions of Q are, width 
8 inches, length 28 inches, weight 3 lbs. 4 oz. The 
result, as stated in Experiment 68, was 20 oz., which 
P carried extra to cause its speed to be equal with the 
model Q. The stability of P equalled 12 oz., and that 
of Q, 21 oz. The stability of Q being 21 oz., is just the 
stability of P (12 oz.) and 9 oz. over, which equals f of 
12 ; therefore f of 52, the whole weight of P, which, 
when reduced to ounces, will be 39 oz. Now, 39 — 20 
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oz. (the extra weight) leaves 19 oz. as the balance of 

speed on the side of Q. 

These two boats or models P and Q sank in the 

water, when each was loaded with the additional 

weight of 20 oz. or total 52 + 20 = 72 oz., viz., P 
iandQf 

The conclusion arrived at is, the superior stability of 
Q enables it to have the advantage in speed over P, 
each carrying sail proportionate to their stabilities. 

Fourth, — From the marked speed of 0 over P, it 
will be right to compare its qualities with those ex- 
hibited in Q. It has been already shown that the speed 
of 0 beat the speed of P by 37 oz., and P beat Q by 
20 oz. ; therefore it will require the sum of the two, or 
37 -f- 20 = 57 oz. extra weight, placed in 0 to retard 
its speed till it equals that of Q. The weight of each, 
as before given, equalled 52 oz. ; therefore the extra 
weight of 57 oz. exceeds it by 5 oz. The stability of 
O equalled 8J oz., and that of Q 21 oz. From the 
above it appears that 0 has the advantage in speed 
equal to more than the weight moved ; and Q has the 
excess of stability above 0 equal to one and a half its 
stability ; which, being reckoned in ounces, equals 52 + 
26 = 78 oz. ; but the extra weight of 57 oz., when 
taken from 78 oz., leaves 21 oz. in favour of Q, the model 
with the greater breadth of beam. 

The depth or draught in the water of the models 
when under the double extra weight of 37 + 20, or 
57 oz., making the total weight of each 109 oz., was in 
model O If inch, and in Q 1\ inch. The model Q, 
from its greater breadth of beam, would beat the model 
O, provided, as before mentioned in the preceding cases, 
the surface of the canvas be proportionate to their sta- 
bilities. 
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Fifth. — In Experiment 69, the model Q was tested 
against R. The dimensions of Q, are 8 inches in width, 
28 inches long, and the weight 5 lbs. 1 oz. ; and those 
of R, 11 inches wide, 28 inches long, and weight 5 lbs. 
1 oz. also. The model Q beat in speed the model R by 
4 oz. extra weight. The stability of Q equalled 24 oz., 
and that of R 29 oz. 

The extra weight of 4 oz. is one-twentieth of 81 oz., 
and the stability of R exceeded that of Q by 5 oz., 
which is rather more than one-fifth of 24 ; and, esti- 
mated in ounces, will, in 81 oz., the weight moved, 
equal 16 oz. ; and, minus the 4 oz. extra weight, the 
measure of the superior speed of Q, leave 12 oz. as the 
advantage, ultimately, of R over Q. Admitting the 
above to be correct, then R, under sail, and of equal 
weight with Q, will beat that, or any other of the same 
length, but having the beam of less dimensions. The 
two models Q and R sank in the water §• inch when 
of the same weight, and with the addition of the 4 oz. 
extra, or total 85 oz. 

The inference which may be drawn from these cal- 
culations is, that Q, if lengthened, would beat R ; and 
R, if made longer than Q, would again beat Q. 



CHAPTER XV. 

It has been seen in the investigations of the pre- 
ceding Chapter, that when any two of these models 
were of equal weight and equal length, the one with 
the greatest breadth of beam beat the other. In the 
Experiments on Stability numbered 8, and Scale C, it 
is shown, that when the thickness or depth of flotation 
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is varied, the breadth and length being preserved con- 
stant, the greatest stability exists at one-fifth of the 
beam. 

Now, it has been before mentioned, in the last Chapter 
relative to the depths of the lines of flotation, that 
in some instances, as in Experiment 66, in I, it ex- 
ceeded the one- fifth ; and in others, as in Experiments 
68, 69, it was less. Upon testing a few of the models 
between one-fifth and one-fourth for the line of flota- 
tion, the following proved to be the case. 

With the models I and 0, each having their lines of 
flotation situated between the one-fifth and one-fourth, 
which in the model I equals f inch, and in 0 equals 
If inch, at this depth the weight of I was required to 
be increased until it altogether equalled 39 J oz., and 
model 0 equalled 78 oz. 

In the Experiment No. 66, the models I and 0 being 
then of equal weight, the speed of I beat the speed of 
O by 21 oz. Under the present circumstances, 0 ex- 
ceeds the weight of I by 39 oz. ; therefore I has the 
advantage over 0 of 21 oz. and 39 oz., or together 60 
oz. With respect to the stability possessed by these 
two models, I and 0, it was found upon trial that I in 
stability equalled 2| oz., and 0 equalled 8£ oz., showing 
0 to have 6 oz., or two stabilities above I, which in 
weight equals 78 oz. ; but take away the 60 oz., and 
there remain 18 oz. in favour of the model 0, when 
under sail. 

Likewise in the same Chapter, it is stated of the 
models 0 and Q, that when of equal weight 0 beat Q 
by 64 oz. extra weight. Upon causing the model 0 to 
sink in the water until its load-line was between one- 
fifth and one-fourth, it required an increase of its 
weight, as before given, up to 78 oz., and Q to equal 
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152 oz. The stability which each now possessed, was 
in 0 8| oz., and Q 32 oz. ; that is to say, the model Q 
possesses (let it be granted) two and a half stabilities 
above the model 0, or in oz. 78 -f 78 + 39 — 195. 
However, from this sum must be taken the extra weight 
of Q above 0, which is 74 oz., together with the 64 oz. 
the extra weight in speed, and equalling 138 oz. ; or 
195 — 138 = 57 oz., which number of ounces is on 
the side of Q, when under sail proportionate to its sta- 
bility. 

Again, with regard to the models Q and R : when 
of equal weight, Q beat R in speed by 4 oz. extra 
weight. It has been mentioned before of the model Q, 
when the line of flotation was made one-fifth and one- 
fourth of the beam, that it required the w T hole weight 
to be 152 oz. The model R, to be similarly circum- 
stanced, required its whole weight to amount to 292 oz. ; 
and the stabilities of these two models were in Q equal 
to 32 oz., and in R, 42 oz. ; therefore, in the present 
instance, R has one- third of a stability above Q, which 
in ounces equals 152-7-3 = 50 ; but from this sum 
the extra weight of R above Q must be deducted. Now 
the weight of R equals 292 oz., and that of Q 152 ; 
then 292 — 152 equals 140 oz., which, with the 4 oz. 
representing the speed of Q above R, comes to 144 oz. 
The superior stability of R has been shown to be 50 
oz. ; therefore 144 — 50 = 94 oz., by which Q beats 
R in speed. 

From the above result it is clear that for the model 
R to beat in speed the model Q, it will be necessary to 
place the line of flotation considerably lower than one- 
fifth, so as to materially lighten the whole weight of 
R. But upon taking 96 oz. from R, thus leaving 196 
out of 292 oz., the stability of Q, as before, equals 
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32 oz., and that of R equals 34 oz. ; and R sank in 
the water with the reduced weight down to 1^-f- inch, 
and Q also to inch. The difference in the present 
stabilities is 2 oz. for R, which in ounces = 152-^-32 
= 4| for each ounce; and, therefore, the 2 oz. of 
greater stability = 9 oz. ; and being taken from 196, 
or 196 — 9 = 187, and 187 — 152 = 35 oz. of speed 
against R. 

Again, after lightening the model R until it equalled 
in its whole weight 152 oz., the same as the model Q, 
the stability of R was now tried and found to equal 
32 oz., equalling that of Q; and R sank only to 
If inch. 

It has been previously mentioned that Q beat R in 
speed when they were of the same weight, by 4 oz. ; 
consequently, their stabilities being now the same, Q 
will, under sail, again beat R. Before, however, the 
result was quite contrary, as R by its superior stability 
beat Q. This being the case, it then appears, that for 
R again to beat Q, more weight must be removed out 
of R, that is to say, until it is of the same precise 
weight as it was (as in Experiment 69), namely, 81 oz. 
instead of 152 oz. 



I. — Table of the Difference of the Speed between the Six Models when towed 

through the Water. 



Model. 


Shape. 


Beam. 


Weight. 


Result. 


oj 

0 
P 
P 

Q 

°! 
Qi 

Q * 


Bird 

Bird 

Bird 

Oblong 

Oblong 

Oblong 

Bird 

Oblong 

Oblong 

Bird 


Inches. 
4 

8 

? 

8 
11 


Ounces. 
37 
37 
52 
52 
52 
52 
52 
52 

8 | 


\ 


1 0 beaten by 21 oz. 
P beaten by 27 oz. 
Q beaten by 20 oz. 
Q beaten by 64 oz. 
R beaten by 4 oz. 
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II. — Table of the Difference of Speed between the Six Models when con- 
sidered under sail proportional to their stabilities and carrying a light 
load. 



Model. 


t Shape. 


Beam. 


Weight. 


Depth. 


Stability. 


Result. 


0} 
%\ 
l\ 

i 


Bird 

Bird 

Bird 

Oblong 

Oblong 

Oblong 

Bird 

Oblong 

Oblong 

Bird 


Inches. 
4 

5 I 
5§ 

5f 
5f 
8 

? 

8 
11 


Ounces. 
37 
37 
52 
52 
52 
52 
52 
52 
81 
81 


Inches. 
0 15-16 
0 11-16 
0 15-16 
0 6-8 
0 6-8 
0 5-8 
0 15-16 
0 5-8 
0 7-8 
0 13-16 


Ounces. 

4 

8 

8* 

12 

12 
21 

8* 
21 
24 
29 


1 1 beaten by 62 oz. 
| P beaten by 11 oz. 

P beaten by 19 oz. 

0 beaten by 8 oz. 

Q beaten by 12 oz. 


ill. — Talle of the Difference of Speed between the Models when supposed to 
be under sail proportionate to their stabilities, and so loaded as to draw 
between one-fourth and one-fifth of their beams deep in the water. 


Model. 


Shape. 


Beam. 


Weight, 


Depth. 


- 

Stability. 


Result. 


I i 
0 
0 
Q 

I) 
SI 

31 

2 


Bird 

Bird 

Bird 

Oblong 

Oblong 

Bird 

Oblong 

Bird 

Oblong 

Bird 

Bird 

Oblong 


Inches. 
4 

5i 
6| 

8 

8 
11 

8 
11 

8 

8 


Ounces. 

39* 

78 

78 
152 
162 
292 
152 
196 
152 
140 

78 

84 


Inches. 

0 7-8 

1 3-8 
1 3-8 
1 13-16 

1 13-16 

2 1-2 
1 13-16 
1 5-8 
1 13-16 
1 13-16 
1 3-8 
1 3-8 


Ounces. 
2* 
8* 
8* 

32 

32 

42 

32 

34 

32 

18 

8| 
12 


\ I beaten by 18 oz. 
J 0 beaten by 57 oz. 

* 

R beaten by 94 oz. 

> R beaten by 35 oz. 

• T beaten by 61 oz. 

1 P beaten by 6 oz. 
) 



The model Q is the swiftest under sail, when full 
loaded, and 0 the second ; the oblong, in this instance, 
being the best. 



IV.— Table showing from the Breadth of the Beam what the Depth of 
Flotation ought to be for the greater Speed, with bottoms quite flat, and 
impelled forward by the wind under sail proportioned to their stability. 



Model. 


Shape. 


Beam. 


Weight. 


Depth. 


Stabilit 


Proportion 
of Depth to 
the Beam. 


Proportion 
of Beam to the 
Length. 


0 

Q 

1 


Bird 

Oblong 

Bird 


In. 

H 
8 

11 


Ounces. 
50 
152 
81 


Inches. 

0 7-8 

1 13-16 
0 13-16 


Ounces. 

8* 
32 

29 


One-Seventh 

One-Fourth 

One-Fourtnth 


5 times the beam. 

H 

2} 
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Upon a review of these Tables, it will be seen that a 
maximum of weight and speed is incident to some forms 
of the models, and not to others. This circumstance is 
most apparent in the long bird shapes, since their sta- 
bilities cease to increase with additional weight, after 
it amounts to a certain quantity ; that quantity, there- 
fore, may be denominated the limit or maximum. But 
with the oblong model Q, and the duck-shaped model 
R, any increase of their weight is attended with an in- 
crease of their stability also. However, it is seen of the 
model Q, that with the increased stability, consequent 
on the additional weight, the speed is not so retarded 
by it as in the case of the model R and the other 
models; therefore advantage can be taken of this 
peculiarity for all ships intended for burthen. 



CHAPTER XVI. 

The six models just treated of were all with flat 
bottoms, and this for the sake of convenience. The 
forms calculated for service must have the curve along 
the bottom, as shown to be so necessary in Experiments 
33 to 36. They must have likewise the keel deeper 
towards and at the stern than towards and at the stem 
(see Experiment 5) : again, the space between the 
curve along the bottom and the keel must be filled up 
at both stem and stern, and so constructed as to offer 
at the bows, from the cutwater to the midship, the least 
resistance possible to the water ; and from the midship 
to the stern-post, to afford the easiest and most direct 
passage for the water, that it may act to the best ad- 
vantage against the sides of the rudder. 
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Upon an inspection of the accompanying diagram, it 
will be seen that the part cut off the flat bottom by the 
curve ace equals nearly the triangles a b c and c d e ; 




but since a portion of the triangles will be made up by 
the sharp bows and body situated between the keel and 
the line of curvature along the bottom, it will occupy 
the space of about half the cubic parallelograms ; there- 
fore a quarter part only will be necessary to add to the 
depth at the midship section for the load-line of flota- 
tion. Upon testing the above by two models, one 
with a flat bottom, the other curved and yet left filled 
up, as required between the curve and the keel, the 
displacement in the water gave a quarter part as the 
exact difference. This proportion of a quarter part to 
be added to the depth at midship, applies to all the six 
models, from their similarity in flatness ; therefore the 
depth at their midship section for their load water-line 
should be increased by one-quarter part of their draught, 
when having a flat bottom at midship. 

On turning back to those experiments which relate 
to the depths of keels, commencing with No. 48, it will 
be seen that the flat-bottomed model (No. 2) required 
no keel ; likewise the triangular midship model No. 3 ; 
but to the forms Nos. 1 and 4 keels were necessary. 

Before deciding upon the midship section best calcu- 
lated for service, it will be right to criticise those sections 
which have been already tested. To this end it will 
be advisable to review the Experiment 45, where it 
appears of the triangular model No. 3, that its speed 
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equalled Nos. 2 and 4, the latter having been pre- 
viously made elliptic. In lateral resistance, No. 3 
possessed the same as No. 2, Experiment 58. In sta- 
bility, No. 3 proved the worst of the four (see Experi- 
ment and Table, &c, after No. 47). Lastly, in depth or 
draught, No. 3 again exceeds all others. The conclusion 
to be drawn from the preceding facts is of such a 
nature as to justify the rejection of the triangular form 
of midship. 

The semicircular form of midship (No 1) possessed 
speed as one good quality ; but which advantage is 
counterbalanced, first, by its circular outline being con- 
ducive to rolling ; next, the depth at which it floats ; 
and third, its deficiency in stability. These evils, it 
must be admitted, are highly objectionable, and war- 
rant the rejection of the semicircular midship section, 
except where speed only is sought, when the employ- 
ment of iron or lead ballast can be had recourse to as a 
corrective of its instability. 

There remains to be considered the flat-bottomed 
model No. 2, and the elliptic one No. 4. 

The model 2 (as shown in experiment 45) is inferior 
in speed to No. 1 ; but as regards all other qualities, 
so essential to every ship, particularly for burthen, 
very far the superior, — 1st, in floating depth (see 
Experiment 47) ; 2nd, in not rolling ; 3rd, in lateral 
resistance (see Experiment 48) ; 4th, in stability, the 
means of speed (see Table after Experiment 47). 

The elliptic midship model (No. 4), as stated in the 
several experiments before adduced, is equal in speed 
to No. 2, but is slightly inferior to the same model, — 
1st, in depth of flotation ; 2nd, by rolling mere ; 3rd, 
by having less lateral resistance ; 4th, by possessing 
less stability. 

e3 
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The next point to be considered, before finally de- 
ciding upon the midship section, is, that part of a 
ship's midship which is above the load water-line — 
meaning the sides ; whether they should be continued 
up perpendicularly, or slightly inclined outwards, so as 
to present at the-lee-side a larger bearing on the water, 
to operate in an increasing ratio against the force of 
the wind upon the sails. 

The Experiment 40 shows that the stability of the 
model (No. 1), having right-angled sides, equalled the 
stability of the model No. 2, with its sides inclining 
outward ; and when both were lightened, the influence 
of the sides which inclined outwards became apparent 
in the stability remaining unaltered ; whereas in No. 1 
the stability was improved to the amount of half an 
ounce : consequently there appears no good reason for 
giving a preference to the bevelling-out sides, over those 
carried up perpendicular. 

From what has been elicited, it appears that any 
approach to the triangular midship section has the sta- 
bility improved materially by ballast or weight ; for, 
in fact, it is indispensable, since there is no stability 
without ballast. 



CHAPTER XVII. 

The criticism of the four models of midship section 
being concluded, the inference to be drawn from it is, 
that (No 2) the flat bottom exceeded all the others in 
the essential qualities for a ship of burthen. But since 
speed is now become so essential a quality in a ship, 
those curves must be adopted which have been proved 
so advantageous in Experiments 33, &c, Chapter VIII. ; 
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and in consequence, the flat bottom can only be pre- 
served entire at midships ; thus making the addition of 
a* keel absolutely necessary, both before and after that 
point. No 4, the elliptic form, comes next. When 
carrying out the experiments undertaken with the ob- 
ject of ascertaining the effects of additional weight, for 
the purpose of gaining an increased depth of flotation 
in the six models, it appeared that a certain few of the 
models were influenced in their stabilities differently 
from the others. 

The models in question were those which partook of, 
and approximated in their forms to, the parallelogram 
and square, and of the oval and circle ; and in both 
these the stability increased with the additional weight. 
On the other hand, the long bird-shape models ceased 
to improve in their stability after a certain amount of 
weight, they having, as it were, an early limit to any 
further increase of the same. This peculiar cha- 
racteristic (confined almost to the two models Q and R) 
is of great moment when selecting forms for various 
purposes ; and the cause of the same must be looked 
for in the narrowness or sharpness of such craft, parti- 
cularly towards their head and stern. 



CHAPTER XVIII. 

Presuming we are thus far correct, the difficulty then 
almost vanishes relative to models or forms of ships for 
particular services. 

To begin with boats intended for speed, and to be 
impelled forward by the oar. Now, it has been seen in 
Table No. I., of the difference in speed between the six 
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models when towed through the water, that the model 
I proved the swiftest. This model in its proportion 
of length to breadth, is seven times the breadth. If 
greater speed be required, then eight, ten, or even 
twenty times the breadth may be selected, the midship 
section being semicircular, and to be situated at the 
middle of the length (see Experiment 63) ; but the 
utmost care will be requisite to prevent upsetting from 
its deficiency in stability. 

For a steam vessel upon rivers, and without the aid 
of sails, ten times the beam or breadth, as the length, 
will be found to answer very well, with the midship 
section semicircular, and at the mid-length (see Ex- 
periment 63), or nearly so. Here iron and lead as 
ballast will greatly improve the stability ; but then it 
will act as an extra load to carry. 

When boats and steam vessels are to have the as- 
sistance of sails, the length should be about five times 
the breadth, as the model 0. 

For yachts, which are vessels for speed only, impelled 
forward by sail, and consequently requiring great sta- 
bility, the model R is best for the purpose. But the 
floating depth, however, according to Table IV., must 
be shallow, and therefore with a very light load, yet the 
keel with the bottom tapered should be made to de- 
scend down into the water sufficient to obtain the re- 
quisite lateral resistance, having the lower spaces filled 
with iron ballast, to further improve the stability for 
racing purposes ; the masts, &c, being made propor- 
tionally strong. 

Sea fishing-boats should closely resemble the model 
R also, because, although required for burthen rather 
than speed, great stability is absolutely necessary for 
the sake of safety, since such craft rarely have decks. 
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Besides this, the cubic capacity of the form R is great, 
and at little cost, which is a consideration with fisher- 
men. The sides also should be carried up high, both 
for safety and burthen. 

The model Q, presents the best form and requisites 
for the merchant service, which is made evident in 
Table No. III. The proportion of its length to breadth 
is three and a half the breadth. In the same Table 
(No. III.) it appears that when the oblong form of 
model, as P, is in length five times the beam, and pos- 
sessing, as is there noted, greater stability than the 
model 0, yet the model 0 beat P, and with less surface 
of sail, which is an advantage, as requiring less weight 
of masts and yards. 

Lastly, for ships of war, the model Q is here again 
pre-eminent for this purpose, particularly for the largest 
rates ; because, in the first place, the stability increases 
in a degree with the load ; in the second place, because 
of the greater bearing on the water at and towards both 
head and stern ; and in the third place, because of the 
almost parallel sides, which afford every facility for the 
carrying of guns, with space to work them ; but the 
draught in the water should on no account be great, for 
speed is too essential a quality to be dispensed with in a 
man-of-war. 



CHAPTER XIX. 

THE POSITIONS OF THE CENTRE OF GRAVITY, OF THE 
CENTRE OF LATERAL RESISTANCE, AND THE CENTRE OF 
FORCE OF THE SAILS. 

The position of the centre of gravity in a ship, with 
regard to its height above the keel, should not exceed, 
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when loaded, the line of the surface of the water (see 
Experiment 8, Table C) ; otherwise it will lose stability 
and become top-heavy. If situated much lower than 
the water-line, the stability will certainly be improved ; 
at the same time a greater strain than needful will 
ensue upon the vessel, and thus endanger the breaking 
of the masts and yards, if they be not of sufficient di- 
mensions to meet it. When the axis of the centre of 
gravity, considered lengthwise of a ship, exactly cor- 
responds with the surface of the water, the rolling will 
be easy as far as the height of the said gravity is con- 
cerned ; but the form of the midship section has very 
great influence in checking or increasing such motion. 
The distance from the head and stern in a ship at which 
the position of the centre of gravity had best be fixed, 
appears to be, according to the experiment upon the 
rising of the bows, about one twenty-fifth part of the 
whole length of a ship aft of the centre of that length. 

The sole fish has the centre of gravity in the widest 
part of its breadth, which, therefore, is also its centre of 
motion. The distance of this point from each extre- 
mity of the fish is just two-fifths of its length from the 
head, and three-fifths from the tail ; consequently, this 
gives one-fifth as the excess of leverage at the tail over 
that at the head. In a fish this is most essential, be- 
cause it derives its power of locomotion chiefly from 
the rapid, lateral, and curved movements of the tail. 

A ship, which is a body impelled forward by sails, 
could by no means answer if constructed altogether 
upon the principle of the sole fish; and chiefly on 
account of the centre of gravity being so forward, as 
stated. The consequence in practice, from the great 
distance apart of the centres of gravity as respects the ✓ 
length of a ship and lateral resistance, would be a per- 



Digitized by Google 



CENTRE OF GRAVITY. 



petual conflict against each other for the centre of 
motion, to the positive disparagement of the speed ; for, 
first, the influence of gravity would place the centre of 
motion at two-fifths of the length from the cutwater ; 
second, the lateral resistance would operate to carry 
back the centre of motion towards the centre of length, 
and even more, depending on the depth of the keel near 
and at the stern ; and third, the centre of the force of 
the sails, if not situated well ahead by means of a long 
bowsprit, would be perpetually causing the ship's head 
to fly up into the wind. From all that has been stated, 
it appears in every way impolitic to have the centre of 
gravity situated too far forward. 

In the Experiments with the six models, it is shown 
that their centres of gravity, taken in the solid state of 
the models themselves, previous to their being hollowed 
out — and, therefore their true centres with regard to 
length — are situated forward and a trifle more than 
their mid-length. Now, if the centre of lateral resist- 
ance be influenced by the head resistance, the two 
centres, namely, of gravity and lateral resistance, would 
nearly coincide. To accomplish this point, which in- 
sures the perfection, in a great measure, of easy sailing 
and steering vessels, it must be done through attention 
being given to lateral resistance at the time of making 
the design, — as by well slanting the cutwater, without, 
however, losing a good foot-hold, and deepening the 
keel towards and at the stern — whose post should be 
perpendicular, as length of keel operates with the best 
effect in improving lateral resistance,— whereas the 
deepening of it acts to overturn, and thus lessens the 
resistance (see Chapter XI.) : by this means the two 
centres of gravity and lateral resistance will be made 
to approximate very closely, or quite unite. Nothing 
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now will remain to make perfect the sailing and steering 
but to place the centre of the effort of the sails perpen- 
dicularly over the two centres before named. If this 
be not effected, then, whichever way the preponderance 
of the power of the sails operates, it will, if towards the 
stern, cause the head to. fly up into the wind ; and if 
towards the head, cause it to fly from the wind. The 
helm, which is the tell-tale, will counteract in part 
these propensities; likewise the reduction of sail at 
either stern or head ; but that must be at the expense 
of speed. 

If what has been stated be admitted to be correct, the 
two centres then ought to coincide as nearly as prac- 
ticable, when the steerage will be easy, and only require 
the motion of the rudder to overturn the equilibrium to 
alter the course. 

Again, the centre of gravity, though situated cor- 
rectly as to its height, may yet be extremely injurious 
to easy motion of pitching and rising, if the heaviest 
weights be stowed very fore or aft. Instead of which, 
they ought to be placed at or near the position of the 
centre of gravity, the object being the rendering the 
vibration like a scale-beam, easy and without plunging. 
To fix the exact plan of stowage is out of the question ; 
but it is best completed at sea, correcting any evils that 
may present themselves. 

The place of the centre of gravity between the head 
and stern is ascertained pretty correctly by the surface 
of the water coinciding with the load water-line, ob- 
tained and laid down from a correct model. 
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CHAPTER XX. 

Since curves must be substituted for the straight line 
in the forms of the bottoms of all vessels of speed, as 
proved (see Experiments 33, &c, Chapter VIII.), and 
in consequence a keel is indispensable, the midship 
section, but particularly the parts fore and aft of the 
same, will partake more or less of the elliptic and angle 
shape. 

From Experiments made subsequent to those already 
given in Chapter XL, but not entered, for the purpose 
of determining the perpendicular depth of the under- 
part of the keel at midships, from the load water-line 
of models with curved bottoms, it appeared that the 
depth to cause the greatest lateral resistance should not 
exceed the average breadth of half the beam measured 
at the points of equal distance between the midship and 
either end ; unless the centre of gravity, by means of 
heavy ballast, as lead, be made to descend proportionally 
with any addition to the depth of the keel. 

Again, as the above average depth is requisite for 
lateral resistance, then the midship form, and likewise 
the sections towards both head and stern, must be 
moulded into those shapes which will meet the object 
desired, with the least increase of displacement beyond 
the true one the vessel ought to possess when required 
for speed, as in Table IV., Chapter XV. 

Let the above be exemplified in models 0, Q, and R, 
and the diagram here introduced will assist in the elu- 
cidation. 



No. 1.— The model 0. Scale, £ inch to 1 inch. 
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a b c d represents the half-part of the horizontal 
section of the model 0, taken at the load water-line ; 
c D being the midship, and efgh, the lines of the 
average beam. 

No. 2. — Midship section of model 0. Scale \ inch to 1 inch. 




Let a b d c be the midship section of the model 0, 
when with the flat bottom ; l i, the depth as stated in 
Table IV., Chapter XV. Now, in order to give speed 
to the model, the curvod form must be applied to the 
bottom, which will cause the model to sink deeper into 
the water than before, by a one-fourth part of l I (see 
Chapter XVI.), or to the dotted line a e b. 

Again, let e f equal the average breadth of beam, 
and f the bottom of the keel ; but as every increase of 
the displacement beyond abdc will retard speed, yet 
the part of the dead wood and keel from i to f requires 
support ; it can only be carried into practice by trans- 
ferring a portion of the capacity or displacement at and 
about c, to between i and f. To this end, let k bisect 
the straight line c t, and g bisect a c ; from g draw 
through k the straight line g k h. By Euclid, the 
triangles gck,kih, are equal, therefore their dis- 
placements are equal. But since the keel from h to f 
will likewise need support, a curved brace may be 
applied from m to n, which will, however, cause some 
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addition to the capacity ; or the curve t m n may be 
substituted. To obviate the evil of additional capacity 
in some measure, the space may be filled with ballast, 
which, being situated low, will assist to compensate, by 
increasing the stability, and in consequence . admit of 
an addition being made to the sail sufficient for the 
wind to impel forward the extra weight with nearly 
undiminished speed. The angle at g may be rounded 
off or not ; but as it is, the original stability will be di- 
minished by the removing of the triangle g c k to the 
triangle kih, because it is sufficiently evident on in- 
spection that the assumed centre of the triangle kih, 
from the perpendicular line e f, is less than r, the centre 
of the triangle ock; therefore the power of buoyancy 
to aid stability is proportionally reduced, which will 
not be altogether met by the ballast in the triangles 
kih and m h n : the stability will again be lessened 
also if the angle at g is rounded off. 

In the diagram No. 3, a c is the load water-line, a b, 
b c, the bottom curves, and d e, e f, their union with 
the keel g h. 



No. 3.— Bottom curves of model 0. Scale £ inch to 1 inch. 




In No. 4 is represented the part of the model situated 

No. 4.— Model 0, from head to midship. Scale J inch to 1 inch. 
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between the head and the midship, a l the load water- 
line, a b the curve as a b in No. 3, b being the depth 
of e i in No. 2, and i k the curve at the depth of a g 
in No 2, and c d the curve uniting with the keel g h. 
The curves ik,ab,cd, and the dotted one e f, are 
all parallel to each other, and must be carried out 
along the bottom of the ship in planes perpendicular to 
the horizon, and parallel to the ship's longitudinal 
axis. With regard to the lines em, c n, &c, they 
must be drawn parallel to the load water-line to form 
a wedge of the bows, as repeated experiments, not 
entered, have determined this point over the bow 
curved alone ; yet the outline of the said curve should 
be preserved wherever the lines touch, and made to 
take the concave form, with the express view of pro- 
moting speed, by assisting the raising of the bows over 
the waves, particularly of sailing vessels, against the 
downward pressure of the wind on their canvas. 

No. 5. — Model 0, from midship section to stem. Scale % inch to 1 inch. 




Let l a be the load water-line ; ba,fe,dc, the 
curves ; and d c the one uniting with the dead wood 
and keel. In this part of a ship no lines parallel with 
the load water-line are necessary ; indeed, they would 
be hindrances to speed, as has been shown already in 
the experiments. But in order to strengthen the dead 
wood and keel, short braces placed at the angle of 45° 
may be employed where thought requisite, but the less 
the better. 



Digitized by Google 



SHAPE OF MIDSHIP SECTION 



93 



a i c is the load water-line ; ab,bc,de,ef, are 
the bottom curves ; and g h, h k, the union with the 

No. 6.— The Model Q. Scale i inch to 1 inch. 
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keel l y ; a r, g s, are parallel horizontal lines, as in 
No. 4, to form the wedge bow. The stern part, 
meaning from midship to stern, needs not (as before 
stated) the horizontal parallel line, but the curved form 
preserved throughout. The concave of the horizontal 
lines, as mentioned in treating of the bows of the model 
O, cannot be dispensed with. 

No. 7. — Midship section of Model Q. Scale J inch to 1 inch. 
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Let a b d c be the midship section of the model Q, 
a b the load water-line, the depth being increased from 
e F to a b as in diagram No. 2,nk the depth equal to 
the average breadth of half the beam of the model Q, 
taken as in the model 0. It is seen in this instance, 
that the depth from I to K is less than in No. 2 ; there- 
fore the bottom may be preserved flat at the midship, 
with a straight or curved bracket, as it were, to support 
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the keel, and continued fore and aft ; or it may at once 
take the form as shown in the diagram by the letters 
h y x, x d being taken equal to i h, when the tri- 
angles h i y, x d y, will* be equal. Instead, how- 
ever, of either of these, the outline may be as the curve 

G L M H. 

No. 8.— Midship section of the Model R. Scale i inch to 1 inch. 
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A b the load water-line, e t the depth of flotation, as 
in Table IV., Chapter XV., with the addition of one- 
fourth part of the ^fths, in consequence of the curved 
bottom, making the total or one inch ; which, according 
to the scale above, is half an inch, or b r ; therefore, 
a B R g represents the true displacement, e k is the 
half- part of the average beam (see diagram No 1, the 
model 0, in this Chapter), in which the straight lines 
e f, g h, denote them ; but they being drawn on the 
scale | inch to 1 inch, the average of the two, when 
doubled, will make it in the one quarter inch scale, as 
the diagram above, equal to e k, k being the bottom of 
the keel. 

It appears upon the right-hand part of the diagram, 
that in order to support the necessary depth of keel, as 
t k, it must either have the timber of the bottom 
framed at midship, as in the dotted straight line i b, or 
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in the curved one bsvk. If in the former, then the 
displacement will be doubled when completed on both 
sides of the model, and take proportionally from the 
speed, as recorded in Table III., Chapter XV. ; if the 
latter, still the original displacement will be increased, 
but not equal in degree to the former. The keel, how- 
ever, cannot do without support ; therefore, of the two 
evils, the latter must be preferred whenever speed is to 
be gained. 

The form on the left-hand side of the diagram, com- 
prehended and denoted by the curve l m n i, is graceful 
and effectual with regard to the keel ; but then the dis- 
placement, even on inspection, exceeds more than 
double (it must be admitted) the true displacement re- 
quired, and therefore will take too much from the speed, 
as evidenced in Table III., Chapter XV., and conse- 
quently this form of great breadth for a yacht cannot 
be conveniently constructed. 

Further Observations. 

In the models having their horizontal sections at the 
load water-line after the form of a bird, or as the sole, 
it is seen that the midship section, or widest part, is 
situated at two-fifths of their length from the head, and 
three-fifths from the stern. This is Nature's law, in 
order to counteract and balance the extra resistance 
the fore-body meets with against the air and water, to 
what the aft-body is subject. In Chapter III. it is seen, 
when treating upon the law of lateral resistance, that 
when the model was drawn forward through the water, 
as well as sideways, the centre of lateral resistance, at 
the time, moved forward also ; and the estimated pro- 
portion equalled one-twelfth the length of the model. 
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Let this result be compared with Nature's form. 
Take a model 28 inches long, its middle will then be 
14 inches ; divide 28 inches by 5, and the answer is 5 J 
inches. Now two-fifths of 28 = 11 ; and three-fifths 
— 16 J ; and 14 — 11 =: 3, or 3 inches, which is the 
distance before the centre of length where Nature 
places her greatest width in birds, and in the sole fish. 
With the model in Chapter III., one-twelfth was the 
supposed place before the centre of length where the 
centre of lateral resistance resided when the body was 
moved both forward and sideways. The proportion of 
one-twelfth will be found to equal 2\ inches, and rather 
more ; being certainly less than 3 inches. It was stated, 
however, that increase of the speed of the model would 
cause the centre of lateral resistance to move still more 
forward. If granted, the average, allowing for mis- 
takes, will be somewhere not far short of Nature's 
distance of 3 inches. 

If the above statement be taken as near the truth, it 
follows, that whenever the line of greatest breadth of 
beam in a ship is situated aft the two-fifths of length, 
so as to destroy the balance of three-fifths of stern 
length, the evil must be compensated for by giving an 
equivalent in extra depth of keel towards and at the 
stern. Hence, the further aft the midship section is 
placed, the deeper must the keel be made to preserve 
the due proportions of perpendicular surface of the two- 
fifths and three-fifths between the body before the mid- 
ship and the body aft of the midship. Now, great 
depth of keel towards and at the stern is a serious evil 
in all ships destined for shallow waters ; and is objec- 
tionable, in another point of view, as in respect of lee- 
way, on account of the greater power, from increased 
leverage, to overturn. 
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Tlie forms of ships as regards beam to length, espe- 
cially those for merchandise, should be regulated in a 
measure by the nature of the climate and sea in which 
they are destined to navigate. For, if meant to en- 
counter stormy winds and seas, whose average continu- 
ance is above that in other climates and seas, their 
breadth of beam and angle projections ought to be 
strongly kept in view, and acted upon by the builders, 
to assist the stability. If, on the other hand, the winds 
and seas are comparatively moderate, less beam will be 
requisite, or greater length of vessel, and all angles dis- 
pensed with. Moreover, ships requiring much sail, in 
consequence of the breadth of beam, will need hands in 
proportion to manage the same ; which circumstance, 
being an item of increased expenditure, will ever have 
its weight with the owners of imerchantmen. This does 
not apply, however, to men-of-war, whose hands are 
generally in sufficient number for all duties. 

One word more. The speed of a ship depends mainly 
upon the following : — 

1. Length, in moderation, with smoothness of body. 

2. Shallow draught, as lightness of load. 

3. Stability, particularly when for sailing. 

4. Power, from sails or steam. 

With the completion of these few hints, which have 
been derived from careful experiments, observations, 
and reflections, although upon a small scale, I now take 
my leave, sincerely hoping they will induce persons of 
far more competent abilities than I possess, to engage 
in making investigations upon a large scale, that the 
true principles of shipbuilding may no lor<jer continue 
a mystery. 

F 



Digitized by 



The Dimensions of several Ships, with their respective 



No. 

1 

2 
3 
4 
5 
6 

7 
8 
9 

10 

11 

12 
13 
14 

15 

16 
17 

18 

19 
20 

I 

21 

22 

I 

23 



T 



Names, &c. 

A barge, by Mr. Taylor, Sittingbourne 

Ditto ditto 

Water Witch, by Mr. Reed, a steamer . 

Hybernia, screw steam-ship, Dundee . 

H.M.S. Wyvern, steam-ship of iron 

Prince Imperial, paddle-steamer, Lon- 1 
don, Chatham, and Dover line . j 

Confederate war-steamer,double screw, 
by Dudgeon 

Blockade- runner, paddle-steamer,built \ 
on the Clyde J 

Iron steamer Iona, of Glasgow, paddle- } 
wheel ) 

The Avelon, iron, paddle- steamer, by ) 
Dudgeon I 

H.M.S. Valiant, built by Mr. Reed 

Red Cross, clipper sailing-ship, of iron . 

The London, steamer .... 

H.M.S. Bellerophon, iron frigate, by 
Mr. Reed 

Paddle-steamer, of steel, built at Li- 
verpool 

H.M.S. Minotaur, screw, iron-clad 

The William Smeed, of Rochester, ^ 
timber, at Murston . . . j 

The Agincourt, H.M.S., armour-plated 

The Austria, screw-steamer . 

The Cunard Company's mail screw- j 
steamer Cuba, iron . . . . \ 

Imperial, Chinese paddle steam-ship 

The Izoumroud, Russian Navy iron- 1 
clad steam-ship . . . • } 

The Lamont, steam-ship, screw, and | 
of iron ) 





Beam, i 




Feet. 


Feet 




72 


144 


5 : 


100 


20* 


5 : 


162 


32 


5 : 


216 


28 


7|: 


225 


42 


51: 


180 


24 


7i: 


200 


24 


8J: 


230 


22 


10J: 


o i - 


zo 


0.2. • 


230 


27 


9 : 


280 


56 


5 : 


228 


36 


8 : 


267 


75 


3*: 


300 


56 


5J: 


281 


36 


8 : 


400 


60 


65: 


150 


30 


5 : 


400 


59-3 


6J: 


276.6 


35 


8 : 


327 


42 




241 


29 


8 


250 


29J 


8} 


240 
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Beam. 


Sold, j Proportion. 

.i 


Tonnage. 
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Engine. Speed. 


Observations. 
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to Dover from Calais ever 
known — lh. 12m. 
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1J: 1 


500 


200 


— 


A very fast ship. 


22 
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2 : 1 
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loO 


00 




2o 
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2|:1 
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Draws a little more than 
4 ft. of water. Great speed. 


27 


12| 
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36 
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1,000 
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i \ 1 
lo 2 


0 . 1 
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One of the fastest ships 
on the Mersey. 
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6,680 
1,665 


1,350 
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Her lines are almost per- 
fect. Built by Laird & 
Co. at Birkenhead. 
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2,852 


650 




Built at Glasgow. 


29 


15 


2 : 1 


1,015 
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Built by Mr. White, of 

COW08. 










350 




This ship has behaved ad- 
mirably in all weathers. 
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1,390 
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Built at Glasgow by the 
Messrs. Napier for the 
China and Japan trade. 
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34. STEAM ENGINE, by Dr. Lardner. la. 

59. STEAM BOILERS, their Construction and Management, by 
R. Armstrong. With Additions by R. Mallet, la. 0d. 

63. AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE 
POWERS, FIELD MACHINES, MACHINERY AND 
. IMPLEMENTS, by G. H. Andrews, C.E. 3a. 

67. CLOCKS, WATCHES, AND BELLS, by E. B. Denison. New 
Edition, with Appendix. 3a. 6d. 

Appendix (to the 4th and 5th Editions) separately, Is. 

77*. ECONOMY OF FUEL, by T. S. Prideaux. la. 6d. 

78*. THE LOCOMOTIVE ENGINE, by G. D. Dempsey. la. 6d. 

79*. ILLUSTRATIONS TO THE ABOVE. 4to. 4a. Qd. 

80. MARINE ENGINES, AND STEAM VESSELS, AND THE 
SCREW, by Robert Murray, C.E., Engineer Surveyor to the 
Board of Trade. Fifth Edition, revised and augmented, with 
a Glossary of Technical Terms, with their equivalents in 
French, German, and Spanish. 3a. 

6TRAIIAN & CO., PUBLISHERS, 66, LUDGATE HILL. 
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82 WATER POWER, as applied to Mills, &c, by J. Glynn. 2s. 

97. STATICS AND DYNAMICS, by T. Baker. U. 

98. MECHANISM AND MACHINE TOOLS, by T. Baker ; and 

TOOLS AND MACHINERY, by J. Nasmyth. 2s. 6d. 

113*. MEMOIR ON SWORDS, by Col. Marey, translated by Lieut.- 
Col. H. H. Maxwell. 1*. 

114. MACHINERY, Construction and Working, by C. D. Abel. 

Is. 6d. 

115. PLATES TO THE ABOVE. 4to. 7s. 6U 

125. COMBUSTION OF COAL, AND TILE PREVENTION OP 
SMOKE, by C. Wye Williams, M.I.C.E. 3s. 

139. STEAM ENGINE, Mathematical Theory of, by T. Baker. U. 

155. ENGINEER'S GUIDE TO THE ROYAL AND MER- 
CANTILE NAVIES, by a Practical Engineer. Revised by 
D. F. McCarthy. 3*. 

102. THE BRASSFOUNDER'S MANUAL, bv W. Graham. 
1C1. MODERN WORKSHOP PRACTICE. By J.G. Winton. 3*. 



NAVIGATION AND SHIP-BUILDING. 

61. NAVAL ARCHITECTURE, by J. Peake. 3s. 

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Construction 
of, by Captain H. A. Sommerfeldt. 1*. 

63**. ATLAS OF 15 PLATES TO THE ABOVE, Drawn for 
Practice. 4to. 7s. Qd. 

64. MASTING, MAST-MAKING, and RIGGING OF SHIPS, 

by R. Kipping. 1*. 6d. 

54*. IRON SHIP-BUILDING, by J. Grantham. Fifth Edition, 
with Supplement. 4s. 

54**. ATLAS OF 40 PLATES to illustrate the preceding, includ- 
ing numerous Modern Examples — "The Warrior," "Her- 
cules," " Bellerophon," &c. 38*. 

55. NAVIGATION ; the Sailor's Sea Book : How to Keep tho Log 
and Work it off, &c. ; Law of Storms, and Explanation or 
Terms, by J. Greenwood. 2s. 

83 bis. SHIPS AND BOATS, Form of, by W. Bland. If. §d. 

99. NAUTICAL ASTRONOMY AND NAVIGATION, by J. R. 
Young. 2s. 

100*. NAVIGATION TABLES, for Use with the above. Is. 6d. 
106 SHIPS' ANCHORS for all SERVICES, by G. Cotsell. ls.6d. 
149. SAILS AND SAIL-MAKING, by R. Kipping, N.A. 2s. 6d. 
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PHYSICAL AND CHEMICAL SCIENCE. 

1. CHEMISTRY, by Prof. Fownes. With Appendix on Agri- 

cultural Chemistry. New Edition, with Index. Is. 

2. NATURAL PHILOSOPHY, by Charles Tomlinson. If. 

3. GEOLOGY, by Major-Gen. Pordock. New Edition, with 

Index, is. 6rf. 

4. MINERALOGY, by A. Ramsay, Jun. 3s. 

7. ELECTRICITY, by Sir W. S. Harris. It. 6d. 

7*. GALVANISM, ANIMAL AND VOLTAIC ELECTRICITY, 
by SirW. S. Harris, is. 6d. 

8. MAGNETISM, by Sir W. S. Harris. 3s. Qd. 

Nos. 7, 7*. and 8 in 1 vol. cloth boards, 7s. 6d. 

11. HISTORY AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, by Robert Sabine, C.E., F.S.A. 3s. 

72. RECENT AND FOSSIL SHELLS (A Manual of the Mollusca), 
by S. P. Woodward. With Appendix by Ralph Tate, P.G.S. 
6s. fid. ; in cloth boards, 7*. 6d. 

The Appendix by Ralph Tate, F.G.S., separately, Is. 

79**. PHOTOGRAPHY, the Stereoscope, &c., from the French 
of D. Van Monckhoven, by W. H. Thornthwaite. 1*. Qd. 

133. METALLURGY OF COPPER, by Dr. R. H. Lamborn. 2s. 

134. METALLURGY OF SILVER AND LEAD, by Dr. R. H. 

Lamborn. 2s. 

135. ELECTRO -METALLURGY, by A. Watt. New Edition, 

enlarged. 2*. 

138, HANDBOOK OF THE TELEGRAPH, by R. Bond. It. 
143. EXPERIMENTAL ESSAYS — On the Motion of Camphor 

and Modern Theory of Dew, by C. Tomlinson. It. 
161. QUESTIONS ON MAGNETISM, ELECTRICITY, AND 

PRACTICAL TELEGRAPHY, for the use of Candidates 

and Students, by W. McGregor, Assistant-Superintendent of 

Indian Telegraphs, le. Gd. 



MISCELLANEOUS TREATISES. 

12. DOMESTIC MEDICINE, by Dr. Ralph Gooding. 2s. 
112*. THE MANAGEMENT OF HEALTH, by James Baird. It. 
113. USE OF FIELD ARTILLERY ON SERVICE, byTaubert, 

translated by Lieut.-Col. H. II. Maxwell. It. 6d. 
150. LOGIC, PURE AND APPLIED, bv S. H. Emmens. It. 6<*. 

152. PRACTICAL HINTS FOR INVESTING MONEY: with 

an Explanation of the Mode of Transacting Business on the 
Stock Exchange, by Francis Play ford, Sworn Broker. 1.5. 

153. LOCKE ON THE CONDUCT OF THE HUMAN UNDER- 

STANDING, Selections from, by S. H. Emmens. 2t. 



STRAHAN & CO., PUBLISHERS, 56, LUDGATE HILL. 



Digitized by Google 



NEW SERIES OF EDUCATIONAL WORKS. 9 



NEW SERIES OF EDUCATIONAL WORKS. 



[Ttris Series is kept in three styles of binding— the prices of each 
are given in columns at the end of the lines.] 



Limp. 


Cloth 
Boards. 


1 2 
2 


8 d 


j? d 


#. <? . 


5 0 


G 0 


6 G 


2 6 


3 G 


4 ft 


2 6 


3 G 


4 0 


2 6 


3 G 


4 0 


1 0 

J. V 






1 0 


> 




3 C 


4 6 


5 0 




5 6 


G 0 


1 0 






2 0 






2 0 






4 0 


5 0 


5 6 




6 0 


6 6 


1 0 






2 0 






1 6 






3 G 


4 6 


5 0 




5 G 


6 0 


1 0 







, 1. ENGLAND, History of, by W. D. Hamilton 
Also in 5 parts, price la. each. 

6. GREECE, History of, by W. D. Hamilton 

and E. Levien, M.A. . 

7. ROME, History of, by E. Levien, M.A. 

9. CHRONOLOGY OF HISTORY, LITE- 
, rature, Art, and Progress, from the earliest 
period to the present time 

11. ENGLISH GRAMMAR, by Hyde Clarke, 

11*. HANDBOOK OF COMPARATIVE PHI- 
lology, by Hyde Clarke, D.C.L. 

12. ENGLISH DICTIONARY, above 100,000 

words, or 50,000 more than in anv existing 
work. By Hyde Clarke, D.C.L. . 

,with Grammar 

14. GREEK GRAMMAR, by H. C. Hamilton 

15. DICTIONARY, by n. R. Hamil- 
ton. Vol. 1. Greek— English 

17. Vol. 2. English — Greek 



Comploto in 1 vol. 



, with Grammar 

19 LATIN GRAMMAR, by T. Goodwin, M.A. 

20. DICTIONARY, by T. Goodwin, 

M.A. Vol. 1. Latin — English 

Vol. 2. English— Latin 



22. 



Complete in 1 vol. 



-, with Grammar 



24. FRENCH GRAMMAR, by G. L. Strauss 
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25. FRENCH DICTIONARY, by A. Ehves. 

Vol. 1. French — English 

26. Vol.2. English— French 



Complete in 1 vol. 



• . • 

, with Grammar 
27. ITALIAN GRAMMAR, by A. Elwes . 

23. TRIGLOT DICTIONARY, by 

A. Elwes. Vol. 1. Italian — English — 

French 

Vol. 2. English — French— Italian' 
Vol. 3. French — Italian — English 
Complete in 1 vol. 
, with Grammar 



30. 
32. 



34. SPANISH GRAMMAR, by A. Elwes . 

35. ENGLISH AND ENGLISH- 
SPANISH DICTIONARY, by A. Ehves 

with Grammar 



39. GERMAN GRAMMAR, by G. L. Strauss 



40. 
41. 



42. 
43. 



READER, from best Authors 

TRIGLOT DICTIONARY, by 

N. E. S. A. Hamilton. Vol. 1. English- 
German — French .... 

Vol. 2. German — French — English 

Vol. 3. French — German — English 

Complete in 1 vol. . 

, with Grammar 




44. HEBREW DICTIONARY, by Dr. Bresslau. 
Vol. 1. Hebrew — English 
, with Grammar 

46. Vol. 2. English— Hebrew 

Complete, with Grammar, in 2 vols. 

4G*. GRAMMAR, by Dr. Bresslau . 

47. FRENCH AND ENGLISH PHRASE ROOK 

48. COMPOSUTON AND PUNCTUATION, 

by J. Brenan ...... 

49. DERIVATIVE SPELLING BOOK, by J. 

Rowbotham ...... 

50. DATES AND EVENTS. A Tabular Viow 

of English History, with Tabular Geo- 
graphy, by Edgar H. Rand. 



5. d. s. d. 



1 0 

1 6 

2 G 

1 0 



2 0 
2 0 
2 0 



1 0 

4 0 

1 0 
1 0 



1 0 
1 0 
1 0 
3 0 



G 0 
7 0 
3 0 

1 0 
1 0 

1 0 

1 6 



3 G 

4 G 



7 G 

8 G 



5 0 
G 0 



4 0 

5 0 



12 0 



s. d. 



4 0 

5 0 



8 G 

9 G 



5 G 
G G 



4 G 

5 G 



14 0 
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GREEK AND LATIN CLASSICS, 

N With Explanatory Notes in English. 



LATIN SERIES., 

1. A NEW LATIN DELECTUS, with Vocabularies and 

Notes, by H. Young 1*. 

2. OESAR. De Bello Gallico ; Notes by H. Young . . 2s. 

3. CORNELIUS NEPOS; Notes by H. Young . . . 1*. 

4. VIRGIL. The Georgics, Bucolics, and Doubtful Poems ; 

Notes by W. Rushton, M.A., and H. Young . Is. Gd. 

5. VIRGIL. JEneid ; Notes by H. Young . . 2s. 

Nos. 4 and 5 in 1 vol. vellum cloth, . 6d. 

6. HORACE. Odes,Epodcs, and Carmen Seculare, by H.Young Is. 

7. HORACE. Satires and Epistles, by W. B. Smith, M. A. 1*. Qd. 

Nos. 6 and 7 in 1 vol. vellum cloth, 3s. Gd. 

8. SALLUST. Catiline and Jugurthine War; Notes by 

W. M. Donne, B.A .ls.6d. 

Nos. 3 and 8 in 1 vol. vellnm cloth, 3s. 6d 

9. TERENCE. Andria and Heautontimorumcnos ; Notes by 

the Rev. J. Davies, M.A .Is. Qd. 

10. TERENCE. Adelphi, Hecyra, and Phormio; Notes by 

tho Rev. J. Davies, M.A 2s. 

11. TERENCE. Eunuchus, by Rev. J. Davies, M.A. . Is. 6d. 

Nos. 9, 10, and 11 in 1 vol. cloth boards, 6s. 

14. CICERO. De Amicitia, de Scnectute, and Brutus ; Notes 

by the Rev. W. B. Smith, M.A 2s. 

16. LIVY. Books i., ii. f by H. Young .... Is. 6d. 
16*. LIVY. Books iii., iv., v., by H. Young ... Is. 6d. 

17. LIVY. Books xxi., xxii., by W. B. Smith, M.A. . Is. 6d. 

19. CATULLUS, TIBULLUS, OVID, and PROPERTIUS, 

Selections from, by W. Bodham Donne . . . .2s. 

20. SUETONIUS and the later Latin Writers, Selections from, 

by W. Bodham Donne 2s. 

21. THE SATIRES OF JUVENAL, by T. H. S. Escott, M.A., 

of Queen's College, Oxford Is. 6d 
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Digitized by Google 



12 



GREEK AND LATIN CLASSICS. 



GREEK SERIES. 

1. A NEW GREEK DELECTUS, by H. Young . . U. 

2. XENOPHON. Anabasis, i. ii. iii., by H. Young . . 1$. 

3. XENOPHON. Anabasis, iv. v. vi. vii., by H. Young . Is. 

Nos. 2 and 3 in 1 vol. vellum cloth, 3a. 

4. LUCIAN. Select Dialogues, by H. Young . . . Is. 

5. HOMER. Iliad, i. to vi., by T. H. L. Leary, D.C.L. 1*. Gd. 

6. HOMER. Iliad, vii. to xii., by T. H. L. Leary, D.C.L. Is. Gd. 

7. HOMER. Iliad, xiii. to xviii., by T.H. L. Leary, D.C.L. Is. Gd. 

8. HOMER. Iliad, xix. to xxiv., by T. H. L. Leary, D.C.L. Is. Gd. 

9. HOMER. Odyssey, i. to vi., by T. H. L. Leary, D.C.L. Is. Gd. 

10. HOMER. Odyssey, vii. to xii., by T. H. L. Leary, D.C.L. Is. Gd. 

11. HOMER. Odyssey, xiii. to xviii., by T.n.L. Leary, D.C.L. Is.Gd. 

12. HOMER. Odyssey, xix. to xxiv. ; and Hymns, by T. H. L. 

Leary, D.C.L 2s. 

Nos. 5 to 12 in 4. vols, vellum cloth, 16s. 

13. PLATO. Apologia, Crito, and Phscdo, by J. Davies, UJL 2s. 

14. HERODOTUS, Books i. ii., by T. H. L. Leary, D.C.L. Is. Gd. 

15. HERODOTUS, Books iii. iv., by T. H. L. Leary, D.C.L. 1*. 6<*. 

16. HERODOTUS, Books v. vi. vii., by T. H. L. Leary, D.C.L. Is. Gd. 

17. HERODOTUS, Books viii. ix., and Index, by T. H. L. 

Leary, D.C.L Is.Gd. 

Nos. 14 to 17 in 2 vols, vellum eloth, ^s. 

18. SOPHOCLES. CEdipus Tyrannus, by H. Young . . 1*. 
20. SOPHOCLES. Antigone, by J. Milner, B.A. . 2s. 
23. EURIPIDES. Hecuba and Medea, by W. B. Smith, M.A. Is. Gd. 
26. EURIPIDES. Alcestis, by J. Milner, B.A. . . . is. 
30. .ZESCHYLUS. Prometheus Vinctus, by J. Davies, M.A. . Is. 
32. jESCHYLUS. Septem contra Thebas, by J. Davies, M.A. Is. 

40. ARISTOPHANES. Acharnenses, by C. S. D. Townshend, 

M.A. ...... Is. Gd. 

41. THUCYDIDES, Book i., by H. Young . ... Is. 

42. XENOPHON. Agesilaus, by LI. F. \Y. Jewitt. . Is. Gd. 

STRAHAN & CO.. PUBLISHERS, CC, LUD GATE HILL. 



Digitized by Google 



Digitized by Google 



7£r*-£Zn C2X*KF> rC^W^ ^Vf-CTO r^Vf-rTO ^Vf-C7^ r^Vf-C7^ rrar-CTfi r^Vfc, 

STRAHAN AND CO., PUBLISHERS, 56, LUDGATE HILL. Jp^^p 

^5? EMIGRATION. JS^S 

^jCa General Hints to Emigrants: containing Notices of the 3,^^?? 

J j Jf^! various Fields for Emigration ; with Hints on Preparation for Jp^^-^ 

^ ^Emigrating, Outfits, &c. &c. With Directions and Recipes useful ^^^<^£ 
x fjS to the Emigrant 2s. jtVv? 

The Emigrant's Guide to tfatal. By E. J. Mann, M.D. 

i*f<A* With a Map. 2s. 




The Emigrant's Guide to New Sonth Wales, Western 
Australia, South Australia, Victoria, and Queensland/ v£* 

S^bfc By James Baird, B.A. With a Map. 2s. 6d. SvL^$£d 

JjE? The Emigrant's Guide to Tasmania and New Zealand, £^|^z 

By James Baird, B.A. fe^^^J 

. LEGAL TREATISES. ??o^I 

The Law of Contracts for Works and Services. By *2^*x 



David Gibbons. Is. ^^tvJf 






^ The County Court Guide. By a Barrister. Is. 6d. 



The Metropolis Local Management Act, 18th and 19th 

' aS ° Vic, c. 120; 19th and 20th Vic, c. 112; 21st and 22nd Vic, 





Managers of the Metropolis. Is. 6d. pi^^ 0 ^ 
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